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ALL    KNOWN    MINERALS.  • 
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Outline  of  Blowpipe  Practice,  as  applied  to  the  qualitative  examina- 
tion of  inorganic  bodies  generally  ;  and  a  series  of  Determinative 
Mineral  Tables,  with  accompanying  crystallographic  and  spectroscopic 
notes. 
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ADVERTISEMENT. 


In  1880,  the  author  of  this  little  Manual  published  an  extended 
series  of  Tables  for  the  determination  of  all  known  minerals.  In 
these  Tables,  an  attempt  was  made  to  ]ilace  together,  as  a  rule, 
minerals  of  related  composition  only.  During  the  four  years  that 
have  elapsed  since  the  publication  of  the  Tables  in  quef.tion,  the 
advantages  of  this  plan  have  been  fully  proved  in  the  author's  labora- 
tory by  students  of  sufficiently  advanced  standing  to  work  oui  readily 
the  distinctive  characters  on  which  the  Tables  are  based.  Hut  exjieri- 
ence  has  also  shown  that  something  of  a  less  elaborate  description 
would  be  better  adapted  to  the  requirements  of  students  just  entering^ 
on  the  study  of  minerals.  Hence,  the  publication  of  these  simplified 
Tables,  by  which — as  regards  substances  of  ordinary  occurrence — the 
name  and  nature  of  any  mineral  may  hz  very  easily  and  rapidly  ascer- 
tained. All  that  is  required  for  this  purpose  is  a  very  slight  acquaint- 
ance with  mineral  terminology,  and  a  few  hours'  preliminary  practice 
in  the  use  of  the  blowpipe. 

As  regards  general  interest  and  frequency  of  occurrence,  minerals 
may  be  referred  to  four  series.  To  the  first  belong  all  minerals  of 
common  occurrence  ;  to  the  second,  minerals  of  more  or  less  rare 
occurrence  but  of  economic  value  or  otherwise  of  importance  ;  to  the 
third,  exceptionally  occurring  and  comparatively  unimportani  minerals  ; 
and  to  the  fourth,  oj)scurely  known  and  ill-defined  or  doubtful  species. 
These  Tables  include  all  representatives  of  the  first  and  second  series, 
and  consequently  all  minerals  that  are  likely  to  come  under  the  obser- 
vation of  the  general  student  or  practical  explorer. 

In  determinative  tables  of  this  kind,  a  sub-division  into  two  leading 
sections,  based  on  the  lustre  or  aspect  of  the  substance,  is  commonly 
adopted  ;  but,  beyond  this,  the  present  Tables  are  entirely  distinct  in 
their  construction  from  those  of  the  larger  work  referred  to  above,  and 
also  from  all  other  determinative  tables  hitherto  published. — E.  J.  C. 

School  of  Practical  Science,  Toronto, 
February  17,  1884. 


PRELIMINARY  NOTICE 


INCLUDING 


GENERAL   INSTRUCTIONS   TO   BE   OBSERVED    IN 
USING  THE  TABLES. 


1.  The  aspect  (or  lustre)  and  the  colour  of  a  mineral  must  be^deter- 
mined,  as  a  rule,  on  a  jjerfectly  unaltered  or  newly-fractured  surface. 
Minerals  of  metallic  lustre,  ni  >re  especially,  frequently  present  a 
•deceptive  surface  character  from  the  assumption  of  a  dark  or  other 

tarnish. 

2.  When  a  mineral  presents  a  sub-metallic  aspect  it  will  probably 
•be  found  in  both  divisions  of  the  Tables  ;  but  in  doubtful  cases  it 
should  be  sought  for  more  especially  in  the  second  division.  A  ready 
test,  with  regard  to  lustre  in  these  doubtful  cases,  is  as  follows  :—  Let 
the  student  ask  himself  the  question,  "  would  this  substance,  from  its 
appearance^  be  taken  by  an  observer,  ignorant  of  mineralogy,  for  a 
piece  of  gold,  or  brass,  or  copper,  or  bronze,  silver,  lead,  tin,  steel,  or 
iron  ?  "  If  the  answer  be  in  the  negative,  the  name  of  the  substance 
should  be  sought  for  under  Division  II. 

3.  Minerals  of  metallic  lustre,  proper,  are  always  opaque,  even  in 
thin  splinters,  and  their  streak  or  powder  is  always  distinctly  coloured. 
Minerals  of  pseudo-metallic  or  metallic-pearly  lustre  (as  the  various 
micas),  on  the  other  hand,  are  commonly  translucent  or  transparent  in 
thin  pieces,  and  their  streak  is  either  white  or  lightly  tinted.  Sub- 
stances of  this  latter  description,  therefore,  must  be  sought  for  under 
Division  II.  of  the  Tables. 

4.  When  a  mineral  scrat  jhes  glass  (/.  e.,  ordinary  window-glass)  very 
feebly  or  doubtfully,  it  sh  ould  be  sought  for  principally  under  §  2  of 
the  Division  (metallic  or  non-metallic)  to  which  it  belongs.     In  trying 
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the  hardness  of  a  mineral,  the  operator  should  place  a  piece  of  glass 
flat  upon  a  table,  and  then  draw  the  mineral  sharply  across  it — taking 
care  to  see  previously  that  particles  of  quart/  or  pyrites  are  not  present 
in  the  substance. 

5.  Minerals  which  fuse  with  extreme  difficulty,  or  only  become 
vitrified  and  rounded  on  the  thinnest  edges,  are  placed  in  these  Tables 
(in  order  to  avoid  risk  of  error)  under  both  the  fusible  and  infusible 
groups  of  the  section  to  which  they  belong.  In  trying  the  fusibility  of 
a  mineral,  beginners  should  be  careful  to  operate  only  on  thin  and 
sharply-pointed  splinters  ;  not  on  comparatively  broad  and  thick-edged 
fragments.     (wSee  the  author's  Blowpipe  Practice,  pages  8,  9.) 

6.  As  an  additional  guide  to  determination,  the  essential  components 
of  the  various  minerals  included  in  the  Tables  are  briefly  indicated  j 
but  where  percentages  are  given,  these,  for  simplicity,  are  stated  as  a 
rule  in  whole  numbers  only. 

7.  As  this  little  handbook  is  intended  to  be  used  by  students  almost 
at  the  beginning  of  their  mineralogical  studies,  all  crystallographic 
references  (beyond  a  few  bare  indications)  have  been  purposely  excluded 
from  the  Tables,  A  synopsis  of  the  crystallization  characters  of  the 
more  important  mineral  species  will  be  found  in  the  Notes  attached  to 
the  Determinative  Tables  of  the  author's  Blowpipe  Practice,  page 
102  to  page  298.  In  these  Notes,  also,  the  spectroscopic  characters  of 
minerals  are  fully  given — a  feature  not  found  in  other  works. 

8.  The  following  works  on  Determinative  Mineralogy  should  also 
be  consulted''by  more  advanced  students  : — (i)  Tafeln  zur  Bestimmung 
der  Mineralien,  by  the  late  Professor  von  Kobell,  of  Munich,  (12th  ed. 
by  K.  Oebbeke,  1884).  (2)  The  American  edition  of  von  Kobell's 
"Tafeln,"  re-arranged  and  amplified  by  Professor  George  J.  Brush. 
And  (3)  the  Anleitung  zum  Bestimmen  der  Mineralien,  by  Dr.  Fuchs, 
of  Heidelberg. 


INDEX  TO  THE  TABLES. 


-♦- 


DIVISION  I.— Minerals  of  Metallic  or  Sub-Metallic 

Aspect. 

§  I.  Hardness    siifficierit   to   scratch   ordinary   win doiv  glass 

distinctly 

Colour,  brass-yellow Table  I. 

Colour,  tin-white  or  silver-white Table  II. 

Colour,  iron  black,  steel-grey,  or  dark- 
brown    Table  III. 

§  2.  Hardness  insuficient  to  scratch  7vindo7V-glass  disti?ictly. 

Distinctly  malleable  or  ductile    Table  IV. 

Not  distinctly  malleable  : 

Colour,  silver-white  or  tin-white ....   Table  V. 

Colour,  brass-yellow,  bronze-yellow, 

or  reddish Table  VI. 

Colour,  metallic-grey,  black  or  dark- 
brown.  Readily  fusible  or  volati- 
lizible     Table  VII. 

Infusible,  or  fusible  on  thinnest  edges 

only Table  VIII. 

DIVISION  II.— Minerals  of  Vitreous,  Stony,  Earthy, 
or  other  Non-Metallic  Aspect. 

§  I .  Hardness  sufficient  to  scratch  ivindow-glass  distifictly. 
Streak  or  powder  distinctly  coloured . .   Table  IX. 
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Streak  uncoloured,  or  indistinctly  col- 
oured (/.  ^.,  greyish,  &c.). 
Fusible : 

Black,    brown,   dark-red,   or  dark- 
green  in  colour,  and  essentially 

opaque Table  X. 

Colourless,  or  clear  green,  greyish, 
pink,    red,   yellow,    or   blue  in 

colour    Table  XL 

Infusible  (or  fusible  on  thinnest  edges 
only) Table  XII. 

§  2.  Hardness  insufficie?ii  to  scratch  window-glass. 

Sapid     Table  XIII. 

Combustible  :  taking  fire  and  burning 
when  held  in  the  form  of  a  thin 
splinter  against  the  edge  of  a  candle, 

or  Bunsen-flame    Table  XIV. 

Efifervescing  in  dilute  acid Table  XV. 

Yielding  before  the  blowpipe-flame,  on 

charcoal,  a   garlic-like  odour Table  XVI. 

The    preceding   characters   not   mani- 
fested : 
Fusible  or  reducible  BB  on  charcoal  : 

*    .         Streak-powder  coloured   Table  XVII. 

Streak-powder  uncoloured Table  XVIII. 

Infusible  (or  fusible  on  thinnest  edges 
only) : 

Streak-powder  coloured Table  XIX. 

Streak-powder  uncoloured Table  XX.    "" 


•  .-..l,  > 


r;>;t! 


THE 
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TABLE    I. 

[Lustre   metallic.      Hardness  sufficient  to  scratch  glass  strongly. 

Colour,  brass-yellow.] 

Iron  Pyrites  (Fe  47,  S  53  =  FeS'-) ;  Marcasite  (Fe  47,  S  53). 

These  minerals  are  chemically  identical,  but  differ  in 
crystallization,  and  to  some  extent  in  other  pliysical  charac- 
ters. Iron  Pyrites  belongs  to  the  Regular  or  Isopolar 
System  ;*  and  when  crystallized,  is  commonly  in  cubes, 
pentagonal  dodecahedrons,  or  combinations  of  these  forms. 
Its  sp.  gr.  =  4-9  to  5'  1 .  Marcasite  is  Rhombic  in  crystalliza- 
tion, and  occurs  commonly  in  groups  of  prismatic  crystals 
often  arranged  in  crested  rows  (  =  "  Cockscomb  Pyrites," 
"  Spear  Pyrites,"  &c.).  Its  sp.  gr.  -  4-7  to  4'D,  and  its  colour 
is  usually  somewhat  paler  than  that  of  Iron  Pyrites,  proper. 
It  has,  moreover,  a  great  tendency  to  fall  into  decomposition. 
Massive  and  radio-fibrous  varieties  of  both  species  are  also 
common.  BE,  both  emit  a  sulphurous  odour,  and  melt 
readily  into  a  dark  magnetic  globule.  Ignited  in  a  narrow 
test-tube  or  bulb-tube,  both  yield  a  sublimate  of  sulphur. 

*  The  term  "  Isopolar"  has  reference  to  tlie  fact,  that,  in  this  system  of  crystalliza- 
tion, all  the  planes,  edges,  and  angles,  at  the  poles  or  extremities  of  the  axes  are 
absolutely  alike. 
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TABLE     II. 

[Lustre  metallic.     Hardness  sufficient  to  scratch  glass  distinctly. 
Colour,  tin- white  or  silver- white.] 

Cobaltine  (CoFe  35,  As  45,  S  20);  Smaltine  (CoNi  28,  As  72). 
Arsenical  Fp'ites  or  Misjnckel  (Fe  34,  As  46,  S  20). 

These  minerals  fuse  on  charcoal  with  emission  of  copious 
arsenical  fumes,  ea.sily  recognized  by  their  garlic-like  odour. 
The  resulting  dark  globule  is  magnetic.  Ignited  gently  in 
a  piece  of  open  tubing,  they  yield  a  crystalline  sublimate  of 

As'-^Ol 

Cobaltine  and  Smaltine,  after  roasting,  colour  borax  BB 
deep-blue ;  but  only  the  smallest  |)artiGle  must  be  used, 
othei'wiso  the  glass  will  be  so  intensely  coloured  as  to  appear 
black  and  opaque.  Both  occur  commonly  in  small  crystals 
of  the  Regular  or  Iso})olar  System  :  Cobaltine  chiefly  in  com- 
binations of  cube  and  pentagonal  dodecahedron;  Smaltine 
chiefly  in  octahedrons.  Both,  also,  occur  massive,  dendritic, 
ifec.  Cobaltine  is  bright  silver-white  in  colour ;  Smaltine, 
greyish  tin-white,  and  the  latter  (if  quite  pure)  yields  no 
sulphur-reaction  BB  with  carb.  soda.  In  both,  the  sp.  gr. 
exceeds  6-2.  Mispickel  or  Arsenical  Pyrites  is  silver  white 
in  colour,  but  rapidly  tarnishes  dull-grey.  It  occurs  massive, 
and  in  rliombic  prisms,  mostly  terminated  by  two  flat  sum- 
mit-planes, transversely  striated.  Sp.  gr.  6  to  6-3.  Some 
varieties  are  cobaltiferous,  and  most  examples  contain  small 
but  workable  amounts  of  gold. 
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TABLE     III. 

[Lustre  metallic  or  sub-metallic.     Hardness  sufficient  to  scratch  glass 
distinctly.     Colour,  iron-biack,  steel-grey,  or  metallic-brown.] 

In  most  of  their  examples,  the  minerals  of  this  Table 
(those  of  steel-grey  colour  excepted)  present  merely  a  sub- 
metallic  aspect.  None  emit  fumes  or  odour  when  ignited 
BB  on  charcoal. 

First  Group  :  Anhydrous  species.     No  water  produced  by 
their  ignition  in  a  bulb-tube  or  test-tube. 

Magnetite   (Fe   72-4,    O   27-6).     Franklinite   ([ZnO,    MnO^ 
FeO]  Fe-O^).     Chromotite  (FeO  32,  Cr'^O"^  Q^). 

Hematite  (Fe  70,  0  30).     Ilmenite  {¥g'0\  Ti^O^).     Rutil^. 
(TiO-;.     A.iatase  (TiO^).      Wolfram  (FeO,  MnO,  WO^j. 

Magnetite  (  —  Ma<jnetic  Iron  Ore),  Franklinite,  and  Chro- 
molite  (  -  Chromic  Iron  Ore),  are  the  ])rincipcil  rt;j)reseiitatives 
of  a  group  of  oxides  of  the  cominou  formula  j  iiO,  K-'O^j  and 
of  Regular  or  Isopolar  crystallization — their  common  forms 
being  the  octahedron  and  rhombic  dodecahedron.  Massive 
and  granular  varieties  are  also  common.  In  some  of  the 
rarer  representatives  of  the  groujj  {Ferro-magnente,  etc.) 
part  of  the  FeO  is  replaced  by  MgO.  Magnetite  is  always 
strongly  magnetic,  jften  shewing  ])olarity  ;  and  Franklinite 
is  very  commonly  magnetic  also.  In  Magnetite  the  powder 
is  l)lack ;  in  Franklinite  (viheu  free  from  magnetite)  it  is 
usually  dark-brown ;  and  the  latter  S[)ecies  gi\es  a  strong 
Mn-reaction  bv  fusion  with  carb.  soda.  It  is  generallv  in 
small  rounded  grains  or  crystals,  with  red  ziiu)  ore  or  pale- 
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red  garnets,  in  crvstalline  limestone.  In  both,  the  average 
sp.  gr.  -  5'().  Chromolite  is  mvieli  like  granular  varieties  of 
magnttite,  but  is  feebly  or  not  at  all  magnetic,  and  its  sp. 
gr.  averages  4*5  only.  With  borax,  BB,  it  forms  a  fine 
green  glass. 

Hematite  (  =  Specular  Iron  Ore,  Red  Iron  Ore)  and 
ILmerdte  (  -  Titaniferous  Iron  Ore)  are  Rhombohedral  in 
crystallization,  the  crystals  being  usually  flat  or  thin-tabular ; 
but  lamellar,  granular,  scaly,  and  other  varieties  are  also 
common.  Hematite  (as  regards  examples  of  metallic  lustre) 
is  steel-grey  in  colour,  often  with  iridescent  tarnish,  and  the 
streak  is  normally  dull-red.  BB,  thin  splinters  fuse  in  the 
RF,  at  the  extreme  point,  and  become  magnetic.  In  Ilmenite 
the  streak  is  black  or  brownish.  When  in  fine  powder,  the 
latter  species  is  slowly  dissolved  by  boiling  in  hydrochloric 
acid,  and  the  slightly  diluted  solution  when  boiled  with  a 
piece  of  metallic  tin  becomes  first  colourless  and  then  assumes 
an  amethystine  tint.  Titaniferous  examples  of  magnetite 
and  hematite,  however,  shew  the  same  reaction. 

Rutile  and  Anatase  are  metallic  adamantine  in  lustre,  and 
only  certain  varieties  can  be  referre(?  to  this  Table.  They 
are  chiefly  distinguished  from  the  other  minerals  of  the 
Table  by  their  lower  sp.  gr.  (3-9  to  4-3),  and  by  the  amethys- 
tine or  blood-red  glass  whicli  they  form  BB  with  phosphor- 
salt  in  a  rejiucing  flame.  Rutile  (when  the  lustre  approaches 
sub-metallic)  is  dark-red,  brown,  or  black,  with  light-brown 
streak,  and  is  either  in  square-prismatic  crystals  (often 
gt  niculated),  or  in  rolled  pebbles.  Sp.  gr.  4*2  to  4*3 ; 
nearly  as  hard  as  quartz.  Anatase  is  brown  or  indigo-blue 
in  colour,  and  is  commonly  in  small,  acute  octahedrons ;  sp. 
gr.  3-9  to  4. 
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Wolfram  (a  tungstate  of  iron  and  manganese)  is  black  •  r 
bronze-brown,  and  sub-metallic,  only,  in  lustre.  It  is  readily 
distinguished  from  the  other  minerals  of  this  Table  })y  its 
high  sp.  gr.  (over  7*0),  and  its  comparatively  easy  fusion. 
It  melts  BB  into  a  magnetic  globule  with  crystalline  sur- 
face, and  gives  a  strong  Mn-reaction  with  carb.  soda. 
Mixed,  in  fine  powder,  with  carb.  soda  and  nitre,  and  fused 
in  a  platinum  spoon,  it  forms  an  alkaline  tungstate,  soluble 
in  hot  water.  The  solution  (which  is  of  a  green  colour  from 
presence  of  manganate  of  soda)  when  filtered  or  decanted 
from  the  insoluble  resi<luum,  acidified  with  a  few  drops  of 
hydrochloric  acid,  and  boiled  with  a  piece  of  tin  or  zinc, 
becomes  rapidly  colourless  and  then  assumes  a  deep  indigo- 
blue  colour. 

Second  Group  :  Hydrous  species  :  yielding  water  by  igni- 
tion in  a  bulb-tube  or  test-tube. 

Limonite :  some  varieties  (FeW  85*6,  ffO  14'4). 
Psilomelane  (Mn^O^,  MnO,  BaO,  K'^0,  H^O). 

Limonite  (  =  Brown  Iron  Ore)  as  a  rule,  presents  a  non- 
metallic  aspect,  but  some  varieties  are  sub-metallic.  On 
ignition,  it  becomes  first  red  and  then  black  and  magnetic — 
the  latter  in  the  RF.,  or  by  ignition  in  a  bulb-tube.  Black 
or  brown  in  colour,  with  brownish-yellow  streak.  Massive, 
fibro-botryoidal,  &c.  Sp.  gr.  3-5  to  -l-O.  A  thin  splinter 
fuses  BB  at  the  extreme  point. 

Psilomelane  occurs  in  iron-black  or  dark  steel-grey  amor- 
phous masses  with  dark-brown  or  brownish-black  streak. 
Non-magnetic  after  ignition.  With  carb.  soda  BB,  it  gives 
a  strong  Mn-reaction. 
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TABLE     IV. 

[Lustre  metallic.     Hardness  not  siifiicient  to  scratch  window-glass. 

>.'alleable  or  Ductile,] 

The  representatives  of  this  Table  comprise  a  small  num- 
ber of  native  metals  and  one  malleable  sulphide.  These 
bend  before  breaking,  and  when  broken  shew  a  "  hackly  " 
fracture.     On  the  anvil,  thev  flatten  under  the  hammer. 

First  Group  :  Readily  fusible,  BB,  on  charcoal. 

Native  Gold.     Native  Silver.     Silver  Glance  (Ag  87,  S  1 3). 
,    ..  Native  Copper. 

Those  minerals  are  readilv  distiniiruished  from  otlier 
minerals  of  ordinarv  occurrence  bv  their  malleabilitv  ;  and, 
individually,  by  their  respective  colours  : — gold-yellow — - 
silver-white  with  dark  surface-tarnish — iron-black — cop])er- 
red.  The  metallic  arlobule  obtained  bv  fusion  on  charcoal, 
in  the  case  of  N.  Gold,  N.  Silver,  and  Silver  Glance  (  =  Argen- 
tite)  retains  its  bright  surface  on  exposure  to  an  oxidating 
flame ;  that  obtained  from  N.  Copper  becomes  coated  with 
a  film  of  black  oxide,  and  the  point  of  the  flame  is  coloured 
green.  N.  Gold  is  not  attacked  (if  pure)  by  nitric  acid,  but 
is  dissolved  by  nitro-hydrochloric  acid  :  the  solution,  ren- 
dered colourless  by  dilution,  assumes  a  purple  colour  by 
heating  with  tin-foil.  N.  Silver  and  Silver  Glance  are  readily 
dissolved  by  nitric  acid  (sulphur  separating  as  a  yellowish- 
gre}?^,  flocculenc  powder  in  the  case  of  Silver  Glance),  and  the 
solution  yields  a  white  curdy  precipitate  with  a  few  drops 
of  hydrv  '^'hloric  acid.  The  precipitate  blackens  on  exposure. 
iV.  Copper  is  also  readily  dissolved  by  nitric  acid.  The 
green  solution,  diluted  and  treated  with  ammonia  in  excess, 
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becomes  intensely  blue.  These  minerals  l)elong  equally  to 
the  Regular  System  of  crystallization,  but  N.  Gold  is  com- 
monl'  found  in  grains  or  small  nuggets  in  alluvial  gravels 
and  the  sands  of  river-b^ds,  or  disseminated  through  quartz 
veinstones ;  JV.  Silver  and  Silver  Glance  are  commonly  in 
wire-like  or  dendritic  forms,  or  in  small  scaly  or  leafy 
masses,  or  occasionally  in  distinct  crystals  (cubo-octahedrons, 
&c.);  and  iV.  Copper  presents  similar  forms  of  occurrence, 
besides  occurring,  in  places,  in  sheets  and  masses  of  large 
size.  The  sp.  gr.  of  iV.  Gold,  in  consequence  of  the  presence 
of  a  small  but  variable  amount  of  silver,  ranges  from  15 '5 
to  19'4  (average  :  17  to  18).  The  sp.  gr.  of  X.  Silver  equals 
10*5;  that  of  Silver  Glance,  7'1  to  7*4;  and  that  of  Native 
Copper,  80  to  8-9. 

^*^^  The  silver-teiluride,  Hessite  (blacivish  steel-grey;  sp.  gr.  8*1 
to  8'5)  ;  the  silver-gold-telluride,  Petzite  (sp.  gr.  8 "7  to  9'4) ;  and  the 
silver-selenide,  Naumannite  (iron-black,  sp.  gr.  8),  also  belong  to 
this  group.  BB,  all  yield  a  button  of  silver  or  gold-silver,  and  form 
(as  in  the  case  of  Arytntite  and  other  sulphidcft)  by  fusion  with  carb. 
soda  a  dark,  alkaline  slag  or  "hepar,"  which  imparts  a  dark  btain, 
when  moistened,  to  the  surface  of  a  silver  coin,  or  piece  of  lead  test- 
paper.  Naumannite,  also,  during  fusion  gives  oit"  selenium- fumes, 
reoognized  by  their  disagreeable  odour  which  resembles  that  of 
decaying  vegetable  matters. 

Second  Group  :  In/nsible  BB  on  charcoal. 

Native  Platinum.     Meteoric  Iron. 

Native  Platinum  is  distinguished  by  its  high  sp.  gr, 
(averaging  17  to  20),  and  its  insolubility  in  the  blowpijie 
fluxes  and  in  nitric  acid.  Its  colour  is  between  silver-white 
and  pale  steel-grey — the  darker  varieties  being  often  attract- 
able by  the  magnet  in  consequence  of  the  presence  of  iron. 
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It  occurs  in  the  form  of  grains  and  scales,  or  occasionally  in 
small  nuggets  in  river-sands  and  other  alluvions,  sometimes 
accompanied  by  small  grains  of  Iridium,  Palladium,  and 
other  so-called  "platinum  metals."  Meteoric  7ron  is  steel- 
grey  in  colour,  commonly  with  brown  surface-tarnish,  and 
is  strongly  magnetic.  It  is  found  mostly  in  large  irregular 
masses,  or  otherwise  in  small  grains  scattered  through  stony 
aerolites  Nearly  all  examples  contain  a  small  percentage 
of  nickel.     Sp.  gr.  7  to  7*8. 


TABLE    V. 

[Lustre  metallic.     Hardness  not  sufficient  to  scratch  glass. 
Not  malleable.     Colour  silver-white  or  tin- white.] 

First  Group  :   Volatilizable  wholly  (or  leaving  very  slight 

residuum)  BB  on  charcoal. 

Native  Mercii^ry.  * 

Native  Bismuth.        ' 

Native  Arsenic. 

Native  Antimony.     Native   Tellurium. 

Native  Mercury  is  easily  distinguished  by  its  fluid  or 
semi-fluid  condition.  It  occurs  in  small  globules  in  certain 
Palaeozoic  slates  and  sandstones.  Readily  soluble  in  nitric 
acid.  The  other  native  metals  of  this  Table  present  a 
lamellar,  cleavable  structure.  N.  Bismuth  is  reddish  silver- 
white  in  colour.  BB,  it  forms  a  deep-yellow  coating  of 
oxide  on  the  charcoal,  or  a  vivid  scarlet  coating  if  fused 
with  a  mixture  of  sulphur  and  potassium  iodide.  Sp.  gr. 
9*7.     N.   Arsenic  occurs  in  tin-white,  botryoidal  and  con- 
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centric-lamellar  masses,  which  rapidly  tarnish  dark-grey  or 
black.  BB,  it  volatilizes  without  fusing,  and  is  easily 
recognized  by  the  strong  garlic-like  odour  of  the  evolved 
fumes.  The  flame-point  is  tinged  light-blue,  Sp.  gr.  =  6. 
N.  Antimony  and  N.  Tnllurium  (if  pure)  fuse  readily  BB, 
and  give  off  copious  fumes  which  form  a  dense  white  ring- 
deposit  (slightly  yellowish  whilst  hot)  upon  the  charcoal, 
tinging  the  flame-point  at  the  same  time  light-green.  The 
fumes  are  i)ractically  without  odour.  Both  metals,  when 
untarnished,  are  tin-white  in  colour.  ^^.  Antiviony  is  con- 
verted in  nitric  acid  into  a  yellowish-white  powder.  N. 
Tellurinm  dissolves  in  nitric  acid.  The  latter  niotal  when 
warmed  with  sufficient  quantity  of  strong  sulphuric  acid 
forms  a  pui-plish-red  solution,  which  becomes  colourless  on 
addition  of  water,  tellurium  falling  as  a  d.u'k-grey  piecipitate. 

^* ^  The  rare  lead-telluride,  Altaite,  may  also  be  referred  to  this 
group,  as  on  charcoal,  in  a  reducing  tiame,  it  volatilizes  almost 
entirely.     Tin-white  ;  sp.  gr.  about  8'2. 

Second  Group  :  Partly  volatilizahle  BH  on  charcoal,  a  large 

silver-ylobule  remamiug. 

Native  Amalgam  (Ag,  Hg).  r  ^ 

Dyscrasite  (Ag,  Sb). 

iV.  Amalgam  yields  no  ring-deposit,  BB.  on  charcoal. 
Dyscrasite  yields  a  dense  white  deposit.  Both  are  silver- 
white  in  colour  with  yellowish  or  greyish  tarnish.  Ignited 
in  a  narrow  test-tube,  N.  Amafgam  yields  a  grey  or  metallic 
sublimate  which  runs  into  fluid  globules  when  rubbed  by  a 
thin  wire  or  glass  rod.  Some  vaiieties  contain  gold.  Sp. 
gr.  11  to  14  or  15.  Sp.  gr.  of  Dyscrasite^  9*4  to  10. 
3 
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.        ■  TABLE     VI.    • 

[Lustre  metallic.  Hardness  iiisutticient  to  scratch  glass  distinctly. 
Not  malleable.  Colour,  brass-yellow,  bronze-yellow,  or  pale 
copper- red.]  .  . 

Arsenical  Nickel  (NiFe  43  J,  As  50^), 

Magnetic  Pyrites  (Fe  60^,  S  39i). 

Copper  Pyrites  (Cu  M^,  Fe  301,  S  35). 

Purple  Copper  Pyrites  (Cu.  Fe,  S-    the-Cu  vibout  56  %). 

Arsenical  Nickel  (  =  Nickeline.  Copper -Nickel,  &c.)  gives 
off,  BB,  copious  arsenical  fumes  of  strong  garlic-like  odour, 
by  wbich  character  alone  it  may  he  distinguished  from  the 
other  minerals  of  the  Table.  Its  pale  co})per-red  or  yel- 
lowish-red colour  and  its  high  sp.  gr.  (  =  7*5  to  7*7)  are 
alno  characteristic.  Tlie  fused  globule  has  a  crystalline  sur- 
face,  and  in  general  is  not  magnetic  ;  but  in  tliose  varieties 
in  whicli  iron  replaces  a  considerable  portion  of  the  nickel, 
the  globule  becomes  magnetic  after  prolonged  ignition. 

Matjnctic  Pyrites  {  =  Pyrrhotine)  is  readily  distinguished 
by  its  magnetism.  Occurs  chiefly  in  cleavable  masses  of  a 
bronze  or  brownish -yellow  colour.  Sp.  gr.  4*4  to  4*7. 
Dec(>m[)Osed  by  hydrochloric  acid,  with  separation  of  sul- 
phur and  emission  of  sulphuretted  hydrogen  odour.  Whilst 
Common  Pyrites  (FeS^)  yields  a  grey  or  yellow  sublimate  of 
sulphur  by  ignition  in  a  narrow  test-tube  or  bulb-tube, 
Magnetic  Pyrites  (practically,  FeS)  yields  none. 

Copper  Pyrites  (  =  Chalkopyrite,  yellow  copper  ore)  and 
Purple  Copper  -Pyrites  (  ==  Bornite,  ^^  Horseflesh  Ore,''  &lc.) 
are  at  once  distinguished  by  their  copper  reactions  from  the 
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other  minerals  of  the  Table;  but  to  show  tliese  ivactiona 
properly,  the  test-matter  must  bo  crushed  ti>  jjoKfler  and 
thoroitghly  roasted  before  boin<^'  fiised  with  borax  on  platinum 
wire,  or  with  soda  on  charcoal  for  production  of  metal.  The 
borax  glass  in  the  OF  is  dc(qj-green  hot,  and  light-blue  (or 
greenish-blue  from  presence  of  iron)  when  cold ;  and  in  the 
RF,  when  cold,  brick-red  and  opatpie — the  red  colour  being 
due  to  the  reduction  of  OuO  to  (.'u'"0.  Copper  Pyrites  pre- 
sents a  more  or  less  rich  yellow-colour  with  bluckisli-green 
s'  i-eak,  and  is  commonly  massive,  though  sometirin's  in 
tetrahedral  and  other  crystals  of  the  Tetragonal  System. 
M.any  exami)les  shew  an  iridescent  tarnish  ("  Peacock  Chop- 
per Ore,"  ikc).  Purple  Copper  Pyrites  when  newly  broken 
presents  a  peculiar  reddish  colour,  but  this  i.s  rapidly  masked 
by  ri  rich  blue  or  greenish-blue  tarnish.  Commonly  massive; 
streak,  black  ;  sp.  gr.  t"6  to  5*2.  The  s)).  gr.  of  Copper 
Pyrifes  =  4:1  to  i- -^  Both  yield  by  fusion  a  black  magnetic 
globule,  and  impart  a  green  colour  to  the  point  and  border 
of  the  flame.  Guhanite  is  very  similar  in  composition  and 
general  characters,  but  is  cubical  in  crysttdlization  and 
cleavage. . 


\  To  this  group  also  belong  the  iiickel-autimoiiide,  Breithauptite 
(light  copper-red  with  hliieisli  tinge,  H  5,  sp.  gr.  7  "5,  fusilile  with 
autimonial  fumes  into  a  hard,  magnetic  globule)  ;  and  the  nickel- 
sulphide  MiUerite  (brass  or  bronze-yellow,  in  acicular  examples 
only,  fusible  into  a  magnetic  globule  without  deposition  of  sublimate 
ou  the  charcoal  support). 
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TABLE     VII. 

[Lustre  metallic  or  sub-metallic.  Hardness  insufficient  to  scratch 
glass.  (Colour,  lead  or  steel-grey,  brown,  or  black.  Not 
malleable.     Readily  fusible  or  volatilizable.  ] 

• 

First  Group  :  Giving  BU,  strong  manganese-reaction  with 
borax  or  carb.  soda.  Brown  or  Black,  with  sub-metallic 
lustre. 

Wolfram  (MnO,  FeO,  WO^). 

Some  examples  of  this  mineral  scratch  glass  very  feebly : 
hence  the  species  is  referred  to  again  in  the  present  Table 
(see  fuller  description  in  Table  III.).  Brown,  black,  sub- 
metallic  ;  sp.  gr.  7*1.  to  7  "5.  Easily  fusible  into  a  dark 
(usually  magnetic)  globule  with  crystalline  sui-face. 

Second  Group  :  Giving  BB  (after  thorough  roasting)  a 
strong  copper-reaction  with  borax.  Lustre  distinctly 
metallic. 

Copper  Glance  (Cu  80,  S  '10). 

Greg  Copper  Ore  (Cu,  Sb,  S).      Temiantite  (Cu,  As,  S). 

Bournonite  (Cu  13,  Pb  42,  Sb  25,  S  20). 

The  presence  of  copper  in  these  ores  may  also  be  readily 
ascertained  in  the  wet  way.  A  small  ))ortion  of  the  test- 
matter,  in  powder,  is  gently  boiled  for  a  minute  or  two  in 
strong  nitric  acid.  The  solution,  diluted  with  about  an 
equal  volume  of  water,  is  then  filtered  or  decanted  from 
insoluble  matters,  and  two  or  three  volumes  of  strong 
ammonia  are  added;  a  rich  blue  colour  will  result. 
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Copper  Glance  (  =  Chnlkosine,  Vitreous  Copper  Ore,  <fec.) 

yields  no  sublimate  BB  on  charcoal.  Grey  Copper  Ore 
(  =  Tetrahedrite  Fahl  Ore,  Paaabase,  i!kc.)  and  Ten/uudite 
(  =.  Arsenical  Fahl  Ore)  form  white  ring-deposits,  accom- 
})anied  in  TeiuiantUe  by  a  strong  garlic-like  odour.  Buur- 
nonite  forms  a  white  and  yellow  ring-deposit.  Gret/  Copper 
Ore  and  Tennantite  occur  chiefly  in  small  tetrahedrons  and 
related  crystals  of  the  Regular  System,  but  the  first  occurs 
also  uncrystallized.  Both  are  iron-bhick  or  steel-gi-ey  in 
colour.  Sp.  gr.  4*4  to  5  4.  Bournonite  and  Copper  Glance 
are  also  dark  in  colour,  but  crystallize  in  forms  of  ^he 
Rhombic  System.  The  first  is  readily  distinguished  by  the 
dense  antimonial  and  lead  fumes  which  it  evolves  on  ignition, 
and  by  its  nitric  acid  solution  yielding  a  white  precipitate 
with  sulphuric  acid.  Sp.  gr.  5-8.  Copper  Glance  BB,  boils 
and  spirts,  and  finally  yields  a  copper-globule.  Commonly 
massive,  and  often  coated  in  places  with  an  earthy  green 
incrustation  or  with  green  and  blue  tarnish.  Sp.  gr.  5*5  to 
5-8.  The  crystals  have  in  g^meral  a  i)seudo-hexagonal 
aspect; 


*  ♦ 


To  this  group  belong  alao  the  following  species  of  rare  occur- 
rence :  Stromeyerine  (Ag,  Cu,  S;  sp.  gr.  G'2  to  6*3);  EukairUe 
(Ag,  Ou,  Se)  ;  and  Aikinite  (Ou,  Pb,  Bi,  S).  Stromeyerine  and 
Eukairite  give  BB  a  dark,  malleable  globule,  which  on  cupellation 
leaves  a  large  button  of  silver.  EukairUe  gives  off  also,  during 
fusion,  the  ch\racteristic  selenium-odour,  resembling  that  of  decom- 
posing vegetable  matter.  Aikinita,  forms  BB  a  yellow  coating  on 
the  charcoal  support,  and  when  fused  with  potassiuu] -iodide  it  gives 
a  vivid  scarlet  coating.     Essentially  in  acicular  crystals  ;  sp.  gr.  67. 

^*^  The  comparatively  rare  Tenor ite,  CuO,  in  small  hexagonal 
plates  or  scales  from  Vesuvius,  also  belongs  to  this  group.  It  pre- 
sents a  steel-grey  or  iron-black  colour,  and  is  easily  reduced,  BB  on 
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'  ■      • 

charcoal,  to  metallic  copper.  From  Copper  Glance  it  is  readily  dis- 
tinguished by  not  giving  any  sulphiir-reaction  by  fusion  with  carb* 
soda. 

See  also  (in  Table  XVII. )  Cuprite  or  Red  Copper  Ore,  in  which 
the  lustre  sometimes  approaches  to  sub-metallic.  Colour  dark-red, 
passing  in  some  examples  into  biueish  lead-grey.     Streak,  red. 

Third  Group  :  No  copper-reaction  manifested. 

Galena  or  Lead  Glance  (Pb  8G^,  S  13|). 

irismuth  Glance  (Bi  81,  S  1'.'} 

Antimonij  Glance  (Sb  72,  S  28). 

Jamesonite  (Pb  50,  Sb  30,  S  20).  ' 

^mZ:emi!e  (Pb  36,  Sb  42,  S  22). 

Pyrargyrite  or  Darl  Red  >Siloer  Ore  (Ag  60,  Sb  22,  S  18). 

Galena,  Bismuth  Glance,  Jamesonite,  and  Zinkenite,  form 
BB  on  charcoal  a  yellow  or  white  and  yellow  sublimate  or 
ring-deposit.  Antimony  Glance  and  Pyrargyrite,  if  pure, 
form  a  white  sublimate,  only. 

Galena  is  at  once  recognized  by  its  high  specific  gravity, 
which  exceeds  7,  and  by  its  rectangular  cleavage.  It  occurs 
both  massive  and  crystallized,  commonly  in  cubes  and  "  cubo" 
octahe  Irons,"  and  it  breaks  readily  into  cubical  fragments. 
BB  generally  decrepitates,  volatilizes  in  great  part,  and  then 
melts  into  a  malleable  lead-globule.  H  2*5  ;  sp.  gr.  7*3  to 
7?6.     Lead-grey  in  colour. 

Bismuth  Glance  occurs  mostly  in  fibrous  or  acicular 
examples  of  a  lead -grey  colour.  H  2  to  2*5  ;  sp.  gr.  6*4  to 
6'7.  BB  yields  a  more  or  less  brittle  globule,  and  a  dark- 
yellow  ring-deposit.  When  fused  in  powder  with  potassium 
iodide,  a  ring-deposit  of  a  vivid  scarlet  colour  is  obtained. 
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Antimony  Glance  fuses  in  the  flame  of  a  candle,  and 
volatilizes  BB  in  dense  white  fumes,  tinging  the  flame-point 
distinctly  green.  It  occurs  chiefly  in  fibrous  and  lamellar 
masses  of  a  light  lead-grey  colour ;  more  rarely  in  elongated 
rhombic  prisms  with  pyramidal  summits.  H  2  ;  sp.  gr.  4-5 
to  47.  The  powder  rapidly  becomes  orange-red  in  a  hot 
solution  of  caustic  potash. 

Jamesonite  and  Zinkenite  form  BB  on  charcoal  a  white 
and  yellow  ring-deposit  from  the  presence  of  antimony  and 
lead.  Both  are  between  lead-wrev  and  steel  jyrey  in  colour, 
and  occur  in  fibrous,  lamellar  and  acicular  examples,  and  in 
small,  rhombic  crystals.  In  a  hot  solution  of  caustic  potash, 
their  powder  is  readily  decomposed,  Sb'^S^  is  dissolved  out, 
and  black  PbS  remains  A  few  drops  of  hydrochloric  acid 
precipitate  the  Sb^S^  in  orange-red  flocks.  Jamesonite  pre- 
sents a  marked  cleavage  in  one  direction,  and  is  too  soft  to 
Scratch  crystalline  calcite ;  its  S}).  gr.  equals  5-5  to  5'65. 
Zinkenite  is  hard  enough  to  scratch  calcite,  and  its  sp.  gr. 
does  not  exceed  5*4. 

Pyrargyrite  or  Dark  Red  Silver  Ore  is  readily  distinguished 
.by  its  red  streak  and  metallic-adamantine  lustre.  Also  by 
yielding  on  charcoal  BB,  a  large  silver-globule.  The  ordinary 
colour  is  iron-black  inclining  to  reddish  lead-g»"ey,  but  thin 
pieces  by  transmitted  light  are  ruby-red.  H  2  to  2*5 ;  sp, 
gr.  6-75  to  5-85.  Fusible  per  se,  without  the  aid  of  the 
blowpipe,  if  held  in  the  form  of  a  small  fragment  against  tlie 
outer  edge  of  a  candle  or  other  flame.  In  caustic  potash, 
partly  dissolved — the  solution  yielding  an  orange-red  pre- 
cipitate of  Sb^S^  on  addition  of  a  few  drops  of  hydrochloric 
acid. 
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^*^  Many  other  examples  of  silver  and  lead  sulphantimonites  belong 
to  this  Table,  but  are  of  comparatively  exceptional  occurrence.  As 
a  rule,  unless  in  distinctly  crystallized  examples,  they  can  only  be 
distinguished  by  actual  analysis.  Some  of  the  best  known  of  the 
argentiferous  species  comprise:  Miar<ji/rite,  Polybasite,  StephanUe, 
Freislebenite,  and  Brongniardite  ;  whilst  the  more  common  lead 
species  include  Plagionlte,  Boidaivjerite,  Meneghiuite,  &c.  8ee 
ordinary  text-books.  Also  the  author's  Blowpipe  Practice,  pages 
110  to  112. 


The  rare  lead-selenide,  Clansthallite,  and  mercurv-selenide, 
Tiemannite,  also  belong  to  this  group  ;  to  which  likewise  the  equally 
rare  tellurides,  JUagyagite,  Si/loanlte  and  Tetradymite,  may  be 
referred.  Selenides  are  recognized  by  the  strong  odour  (resembling 
that  of  decaying  vegetable  matter)  which  they  evolve  in  the  blow- 
pipe tlame.  Tellurides,  in  fine  powder,  are  decomposed  by  sulphuric 
acid,  the  tellurium  dissolving,  and  forming  a  purplish-red  solution. 
On  addition  of  water,  the  tellurium  is  thrown  down  as  a  dark-grey 
precipitate,  and  the  solution  becomes  colourless. 

^*^  See  also  Cimiahar  (Table  XIV  ),  which  presents  in  some 
exceptional  examples  a  lead-grey  colour  on  the  surface.  Streak  red. 
BB  inflammable  and  entirely  vohitilizable. 
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[Lustre  metallic  or  sub-metallic.  Hardness  not  sufficient  to  scratch 
glass.  Not  malleable.  Colour,  metallic-grey,  black,  or  brown. 
Infusible,  or  fusible  on  thinnest  edges  only.  ] 

The  minerals  of  this  Table  are^  as  a  rule,  quite  infusible, 
but  in  some  few  cases,  especially  in  the  inner  blowpipe -flame, 
signs  of  fusion  are  exhibited  at  the  extreme  point  of  the  test- 
fragment.  None  can  be  brouirlit  into  a  globule  on  charcoal. 
Two  (Zinc  Blende  and  Molybdenite)  yield  a  slight  sublimate 
after  sti'ong  ignition,  but  none  give  off  distinct  fumes. 
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First  Group  :  Occurring  in  examples  of  scaly  or  foliated 
structure,  or  in  greasy-feeling  scaly -compact  m,a88e8,  or 
in  small  disseminated  scales. 

Graphite  (Carbon  more  or  less  pure). 
Molijbdenite  {Mo  b^,  ^  ^\). 
Scaly  Red  Iron  Ore  (Fe  70,  O  30). 

Graphite  and  Molybdenite  have  a  black  shining  streak  ; 
Scaly  Iron  Ore,  a  red  streak.  GraphU",  \  —  Plumbago)  is 
not  attacked  BB  by  borax,  the  small  scales  float  on  the 
surface  of  the  bead.  Molybdenite  is  attacked  very  slowly 
by  that  reagent,  the  scaly  particles,  like  those  of  grajjhite, 
coat  the  surface  of  the  bead.  Scaly  Iron  Ore  is  readily  dis- 
solved BB  by  borax,  communicating  to  the  glass  the  charac- 
teristic iron  tints.  Thin  scales  fuse  on  the  edges,  and  be- 
come black  and  magnetic  after  sufficiently  prolonged  ignition 
in  the  inner  flame.  Graphite  and  Molybdenite  deflagrate  in 
fused  nitre,  the  latter  vividly.  Molybdmite,  however,  is 
best  distinguished  from  Graphite  by  the  livid  or  pale  green 
colour  which  it  imparts  to  the  blowpipe-flame,  or  to  the 
outer  edge  of  a  Bunsen-flame.  It  forms,  })ut  not  readily, 
an  alkaline  sulphide  BB  with  carb.  soda,  which  stains  silver 
foil.  Gi'aphite  is  iron-black  or  steel-grey.  Molybdenite  some- 
what lighter,  or  lea(^  ^''^Yt  ^^^  colour  ;  and  both  leave  a  black 
shining  mark  on  paper. 

Second  Group  :  Occurring  in  crystals  or  masses  of  lamellar 
or  fibrous  structure,  never  in  foliated  masses. 

Pyrolusite  (Mn  63,  O  37,  =  MnO'-^). 
Manganite  (Mn^O^  91,  H^O  9). 
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Alahandine  (Mn  63,  S  37). 

Bauerite  (Mn  IG,  S  54,   =  MnS^). 

Zinc  Blende  (some  examples  :  Zn  67,  S  33). 

Ft/rolusite  is  iron-black  or  dark  steel-grey  with  black 
streak,  and  is  usually  in  soft  fibrous  masses  which  soil  the 
hands  and  leave  a  dark  trace  on  paper.  Mariganite  is  steel- 
grey,  and  commonly  in  groups  of  acicular  or  si  nail  prismatic 
crystals,  with  daik-brown  streak.  Alahandine  is  chiefly 
brownish-black  or  dark-steel  grey,  with  greenish  streak  and 
sub-metallic  lustre,  and  it  occui'S  mostly  in  granular  masses 
with  well-marked  cubical  cleavage.  Ifauprite  is  dark-brown 
with  reddish-brown  stieak,  and  feebly  sub-metallic  lustre 
(see  Table  XIX. )  Zinc  Blende  ( ^  Sphalerite)  is  sub- 
metallic  in  lustre  only  in  certain  dark-coloured  varieties, 
and  the  streak  is  pale-brown  (see  Table  XIX.) 

Fyrolusite  and  Manganite,  give  strong  Mn-reaction  BB 
with  carb.  soda ;  and  if  warmed  in  hydrochloric  acid  they 
produce  a  strong  odour  of  chlorine.  Fyrolusite  is  anhydrous  ; 
Manyanite  gives  ofl"  water  by  ignition  in  a  narrow  test  tube 
or  bulb  tube,  xUahandine  and  Hauerite  also  give  a  sti'ong 
reaction  of  manganese  BB  with  carb  soda,  but  in  hot  hydro- 
chloric acid  they  emit  an  odour  of  sulphuretted  hydrogen. 
Ignited  in  a  nsirrow  test-tul^e,  Alahandi'ne  yields  no  sub- 
limate ;  Hauerite  gives  a  sublimate  of  sulphur,  and  becomes 
green.  Zinc  Blende — a  mineral  of  very  common  occurrence, 
wliilst  the  two  manganese  suljihides  are  comparatively  rare 
—also  emits  an  odour  of  sulphuretted  hydrogen  in  hydro- 
chloric acid.  Fused  in  powder,  with  a  mixture  of  carb 
soda  and  borax  on  charcoal,  it  forms  an  alkaline  sulphide 
and  coats  the  charcoal   with   a  ring  deposit  of  zinc  oxide, 
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pale-yellow  whilst  hot  and  white  when  cold.  Moistened 
with  a  drop  of  cobalt  nitrate,  and  again  ignited,  the  coating 
becomes  on  cooling  light-green.  The  alkaline  feul])hide  pro- 
duced by  fusion  with  carb  soda,  when  moistened  and  placed 
on  a  silver  coin,  causes  a  dark  stain.  The  s[).  gr.  of  Zinc 
Blende  =  3-9  to  4-2. 


TABLE     IX. 

[Lustre  non-metallic.     Hardness  sufficient  to  scratch  glass  distinctly. 

Streak-powder,  coloured.] 

The  minerals  of  this  Table  exhibit  for  the  greater  part  a 
somewhat  doubtful  position  as  regards  their  lustre.  In 
many  examines,  the  lustre  is  distinctly  metallic  or  sub- 
metallic,  whilst  in  others  it  would  be  generally  rei^arded  as 
non-metallic.  Hence,  to  avoid  risk  of  error  in  their  deter- 
mination, they  are  referred  in  this  hand-book  to  both  sub- 
divisions. 

First  Group  :  Readily  jusihle. 

Wolfram  (FeO,  MnO,  WO^). 
Jlvaite  (CaO,  FeO,  FeW,  SiO^). 
Orthite  (CaO,  CeO,  FeO,  Al-O^  SiO^). 

Wolfram  is  at  once  distinguished  by  its  high  sp.  gr.  which 
exceeds  7,  whilst  in  Ihaite  ( ■■=  Lievrite  Yenite)  and  in  Or- 
thite (  =  Oerine,  Allanite)  the  sp.  gr.  does  not  exceed  4,  or 
4"1.  The  two  latter  minerals  also  leave  a  silica  skeleton  in 
phosphor  salt  BB,  whereas  Wolfram,  dissolves  entirely  by 
fusion  in    that    reagent.     For  other  characters   see   under 
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Wolfram  in  Table  III.  Tlvaite  is  comraonlv  in  black  col- 
umnar  or  fibrous  masses,  or  in  prismatic  crystals,  longitudi- 
nally striated,  and  terminated  by  the  planes  of  a  rhombic 
pyramid.  Orthite  much  resembles  llvaite,  but  the  crystals 
are  Clino-Rhombic  and  the  streak  is  but  lightly  coloured. 
Both  are  easily  decomposed,  with  gelatinization,  by  hydro- 
chloric acid. 

\  See  also  Schorl  and  other  dark  minerals  in  Table  X. 


* 


Second  Group  :  Magnetic  before   or  after  i</nitlo/i.     Infu- 
sible, or  fusible  only  on  thinnest  edi/es. 

Magnetic  Iron  Ore  (Fe  72-4,  O  27-()). 
Franklinite  (FeO,  MnO,  ZnO,  FeW). 
Chronic  Iron  Ore  (FeO  32,  CrW  68). 
Ilmenite  (Fe'-'0^  Ti^O^). 
//ema^iVe(FeW  =  Fe  70). 
Limonite  (FeW  So,  HK)  15). 

For  more  complete  reference  to  these  minerals,  consult 
Table  III.  Briefly,  their  more  distinctive  characters  are  as 
follows  : — Streak,  black  : — Magnetic  Iron  Ore  —  Magnetite 
(strongly  magnetic  ;  sp.  gr.  4'9  to  5*2).  Franklinite  (strong 
Mn-reaction  with  carb.  soda  BB  ;  s}).  gr.  5  to  5  2)  Chromic 
Iron  Ore  T Emerald-green  glass  with  borax  BB;  sp.  gr.  4  5). 
Ilmenite  (Hydrochloric  acid  solution  becomes  violet-coloured 
by  boiling  with  metallic  tin  or  zinc  ;  sp.  gr.  4*6  to  5 -3). 
Streak,  (Jull-re'l : — Hematite  (  =  Bed  Iron  Ore,  commonly 
in  tibro-botryoidal  masses;  sp.  gr.  4*9  to  5-2).  Streaky 
brownish-yellow  :  Limonite  ( =  Brown  Iron  Ore).  Yields 
water  on  ignition.     In  the  outer  flame,  BB,  becomes  red ; 
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in  the  inner  flame,  becomes  black   and   magnetic.     Occurs 
commonly  in  tibro-botryoidal  masses,  oftea  with  silky  lustre. 

Third  Group  :    Infusible.      Not  magnetic  after  ignition. 

Fsilomelane  (Mii^O^,  MnO,  Bao,  K^O,  H^O). 
Pitchblende  (UO,  U^O^,  but  rarely  pure). 
Gadolinite  (YO,  CeO,  BeO,  FeO,  SiO-^). 
Jiutile,  some  examples  (TiO^). 

Fsilomelane  and  Pitchblende  are  black,  with  black  or 
dark  brown  streaky  and  they  occur  in  gi*anular  and  other 
uncrystallized  examples.  Both,  as  a  rule,  yield  a  little 
water  on  ignition.  Psilomelane  is  readily  distinguished  by 
the  stroni;  mauijanese-reaction  which  it  i>ives  bv  fusion  with 
carb.  soda,  sp.  gr.  3-7  to  4G.  Pitchblende  (  =  Uran  Blende, 
Nasturane,  Uraninite)  forms  by  fusion  witli  ])hosphor-si\lt 
in  the  B.  F.  an  emerald  green  glass,  the  colour  deej^ening 
as  the  glass  cools.  Its  high  sp.  gv.,  exceeding  6.4,  is  also 
characteristic. 

Gadolinite  is  also  black  or  greenish-black  in  colour,  but 
its  streak  is  greenish-grey.  It  occurs  chiefly  in  small  nodu- 
lar masses  without  distinct  cleavage ;  more  rarely  in  small 
crystals  of  the  Rhombic  or  Clino-Rhombic  system.  H  6v"> 
to  7  ;  sp.  gr.  4  to  4*3,  BB,  generally  swells  up  more  or  less, 
and  sometimes  emits  a  vivid  gleam,  but  remains  unfused. 
Readily  decomposed,  with  gelatinization,  by  hydrochloric 
acid. 

Rutile  occurs  chiefly  in  red  or  red-brown  square-prismatic 
crystals  which  are  often  geniculated.     The  streak  is  com- 
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paiatively  pale.  Fused  in  powder  with  borax,  it  forms  in 
the  R.  F.  a  dark  violet-brown  glass  which  becomes  coated 
over,  when  flamed,  with  a  light  blue  or  blueish- white  filra.* 
sp.  gr.  4*2  to  4*3. 


The  rare  Titanates  and  Tantalates,  ^schynlte,  Mengite,  Poly- 
mignite,  Tantalite,  Columbite,  Samarskite,  Yttrotantalite,  &c.,  also 
belong  to  this  Table.  They  are  mostly  black  in  colour,  with  black- 
ish-hrown  streak  or  powder.  See  the  author's  Blowpipe.  Practice, 
pages  120,  127.  . 


TABLE  X. 

[Lustre  non-metallic.  Hardness  sufficient  to  scratch  glass.  Streak 
uncoloured  or  indistinctly  coloured.  Fusible.  Black  or  dark- 
coloured,  opaque  minerals.] 

The  representatives  of  this  Table  (the  phosphate,  Triplite 
excepted)  consist  of  comparatively  hard,  fusible  Silicates. 
By  fusion,  therefore,  with  phosphor-salt  on  platinum  wire, 
all  but  the  above-named  phosphate  leave  an  undissolved 
silica-skeleton  in  the  glass.  This  is  best  seen  whilst  the 
glass  is  hot.  In  some  cases,  identification  requires  the  aid 
of  crystallization  characters.  In  all  the  species,  the  sp.  gr. 
exceeds  3. 

*  This  very  striking  reaction  might  be  termed,  technically,  the  "  cataract-eye 
test,"  as  the  bead  resembles  an  eye  affected  by  cataract.  It  results  from  the 
partial  conversion  of  the  11203  .r.to  ?'.'  '  as  explained  by  Berzklius,  who  first 
described  it.    To  show  it  properly,  tae  glass  must  be  saturated. 
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First  Group  : — Dissohed  or  attacked,  in  powder,  hy  liydro- 

chlf^ric  acid.^ 

Triplite.      (Essentially  MnO,  FeO,   P-Q-'). 

Orthite  or  Alkmite.    (CaO,  CeO,   FeO,  KVO\  SiO). 

Tltanite  or  Dark  Sphene.      (CaO,  Ti02,  SiO'^). 

Triplite  occurs  in  dark-brown  laMiellar  masses  with  yellow- 
ish-grey streak.  Sp.  gr.  3*6  to  3.9.  BB  easily  fusible  into 
a  dark  globule,  and  forming  a  turquoise-enamel  with  carb- 
soda.  Its  solution  in  nitric  acid  gives  a  canary-yellow 
precipitate  with  amm.  molybdate. 

Orthite  and  Tita^iite  are  distinguished  from  the  above  by 
leaving  a  silica-skeleton  when  fused  with  phosphor-salt. 

Orthite  is  readily  decomposed  with  gelatinization  by  hydro- 
chloric acid.  It  occurs  chiefly  in  columnar  and  granular 
examples,  and  also  in  Clino- Rhombic  crystals,  of  a  black  or 
brownish-yellow  colour.  Sp.  gr.  2*8  to  3*8.  Easily  fusible 
into  a  dark  and  generally  magnetic  globule. 

Titanlte  is  but  slightly  attacked  by  hydrochloric  acid,  but 
if  in  sufficiently  fine  powder  enough  is  generally  dissolved  to 
yield  the  characteristic  titanium  reaction  (a  violet  coloration) 
when  the  solution  is  boiled  with  a  piece  of  tin.     Couimonly 

*  Reduce  a  fragment  to  tine  powder,  first  by  hammer  and  anvil  (or  small  steel 
mortar),  and  then  in  the  agate  mortar.  Place  some  of  the  powder  in  a  test-tube 
or  porcelain  capsule  with  attached  handle,  cover  it  with  acid,  and  boil  gently  t\)r 
a  few  minutes.  Then  add  a  little  distilled  water,  decant  carefully,  or  filter,  nenti-a- 
lize  with  ammonia,  and  test  with  sodium  carbonate.  If  no  precipitate  ensue  Xxum 
one  or  the  other  of  these  reagents  the  mineral  will  not  have  been  attacked.  If  the 
trial  be  made  in  a  test-tube,  the  tube  nmst  be  held  somewhat  a.slaiit,  so  as  to  bring 
the  ui)per  portion  of  the  acid  under  the  more  immediate  inlluence  of  the  tlame, 
otherwise  some  of  the  acid  may  be  projected  out  of  the  tube.  In  inserting  the 
powdered  mineral,  a  long  slip  of  glazed  paper,  folded  gutter- wise,  may  be  con- 
veniently used. 
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in  cleavable  masses,  or  in  flat,  wedge  like  crystals,  of  a  dark- 
brown  colour.  Average  sp.  gr.  3-5.  BB  becomes  yellowish, 
and  melts  into  a  dark  enamel. 

^*^  Some  varieties  of  Garnet  are  also  partially  attacked  (in  fine 
powiler)  by  hydrochloric  acid.     See  under  Group  2,  below. 

Second  Group  : — Decomposed  after  fusion  hy  hydrochloric 
acid,  the  silica  gelatinizing  on  evaporation  of  the  solution. 

Garnet  (Dark  varieties  :  CaO  or  MgO  or  FeO  or  MnO  ; 

A1'^0=^  or  te^O^  or  Cr^O''  ;  SiO'). 

V^suvian  or  Idocrase   (Essentially,    CaO,    Mgo,    APO', 
Fe'^O^  SiO^). 

Ji'pidote  or  Pistazite   (Essentially,   Ca(^,   APO%    Fe'^^O', 

SiO'*). 

Those  minerals  in  many  cases  can  only  be  distinguished 
by  their  crystallization,  or  by  jv  complete  quantitative  analy- 
sis. Garnet  (which  includes  several  very  distinct  varieties 
or  sub-species)  when  crystallized  is  almost  invariably  in 
rhombic  dodecahedrons  or  trapezohedrous,  or  combinations 
ot"  these  ;  dark-red,  red-brown,  dark-green,  black,  &c.,  in 
colour :  light  coloured  varieties  come  under  Table  XI. 
Hardness  6  5  to  7  5;  sp.  gr.  3*  15  to  4*3.  Cleavage  indis- 
tinct. Fusible,  as  a  rule,  with  very  slight  bubbling.  Vesu- 
vian  occurs  in  Tetragonal  crystals,  combinations  of  square 
prisms  and  pyramids,  and  also  in  granular  and  columnar 
masses.  Cleavage  prismatic,  but  not  very  distinct,  H  6*5  ; 
sp.  gr.  3*3  to  3-5.  Fusible,  with  more  or  less  bubbling. 
J£)ji(/o^e  is  Clino-Rhombic  in  crystalization ;  the  crystals  are 
•essentially  prismatic  and  transversely  elongated,  with  dis- 
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» 

tinct  cleavage  in  two  diroetions,  meeting  at  angle  of  115"  24\ 
H  6  to  7  ;  sp.  gr.  3*3  to  3*5.  BB,  expands  into  a  dark 
caulidower-like  slag  or  glass.  Very  easily  decomposed  by 
fusion  with  pliosplior-salt. 

Third  Group  :  Not  attacke<f  by  hydrochloric  acid. 

Auyite  or  Dark  Pyroxene  (OaO,  MgO,  FeO,  8iO^). 

Hornblende  or  Dark  Amphibole  (OaO,  MgO,  FeO,  SiO'l 

/IrmiiJe  (Na'O,  Fe'-0%  SiO-'). 

Ilypersthme  (MgO,  FeO',  SiO'). 

Schorl  or  Black  Tourmaline  {Vj^^ei\ti^\covci\)onQini^  :  MgO, 
FeO,  APO^  B^0%  SiO^). 

Cerine  (Variety  of  Or thite  :  CaO,  CeO,  FeO,  Al-0%  SiO'). 

Pitchstone  and  some  Obsidians  {K.'^O,  Na"^0,  FeO,  Al'0% 
.    SiO^). 

Auyite  and  Hornblende  are  closely  related  silicates,  possess- 
ing the  same  general  comoosition,  and  crystallizing  equally 
in  the  Chino-Rhombic  system.  But  in  Auyite,  the  cleavage 
angle  equals  ^°6  ;  and  in  Hornblende,  124°30.  The  com- 
mon crystals  in  dark  Auyite  are  eight-sided  prisms,  with 
two  sloping  planes  or  one  large  plane  at  the  top ;  and  in 
Hornblende,  six-sided  prisms  with  three  rhomb-shaped 
planes  at  the  extremities.  Fibrous,  cleavable-lamellar,  and 
granular  varieties  are  also  of  common  occurrence  in  both 
species.  The  usual  colours  are  black,  blackish-brown,  and 
very  dark  green.  Sp.  gr.  3*0  to  3*4.  Easily  fusible  into  a 
dark  magnetic  globule.  Very  slowly  attacked,  BB,  by 
phosphor-salt. 
4 
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Annite  is  a  related  aiigitio  specios,  occurring  in  long, 
flattoned  prisms  of  a  black  or  )>ro\vnisli-l)lack  colour,  in 
quartz.  H  6  to  0*5  ;  ap.  gr.  3*5.  Easily  fusible  into  a  mag- 
netic bead. 

Fff/perafheiie  is  anotli(^r  closely  related  ferro-magnesian 
silicate,  but  regarded  as  Ortho-Rhombic  in  crystallization. 
It  occurs  commonly  in  laniinicted  nitisses  of  a  dark-green, 
brown,  or  greenish-black  colour,  with  bronze-like  or  metallic 
pearly  lustre.  H  6  ;  sj).  gr.  3. 1-.  Very  easily  cleavable  in 
one  direction.  Readily  fusibU*.  Enstatite  (Table  XII.)  and 
Bronzite  (Table  XX.)  are  very  closely  related  to  Ihjpersthene, 
but  are  very  difficultly  fusible,  and  Bronzite  is  compaj'atively 
soft. 

Schorl  is  usually  in  nine-sided  or  three-sided  (more  rarely 
in  six-sided)  black  prisms,  with  three  planes  at  the  top. 
Also  in  columnar  and  filn-ous  examples.  S}).  gr.  3-U  to  3*2  ; 
hardness  equal  to  t^  at  of  quartz.  Easily  fusil)le  with 
bubbling  into  a  dark  (commonly  magnetic  >  bead,  and  readily 
decomposed  by  fusion  with  phosphor-salt. 

Gerine  occurs  in  black  granular  masses  without  distinct 
cleavage.  BB,  swells  up  and  fuses  easily.  -Sp.  gr.  usually 
about  3*5  or  3*7.  Pltchstone  and  dark  Obsidian  are  also 
very  easily  fusible,  but  are  readily  distinguished  by  their 
low  sp.  gr.  (2*2  to  2  4),  as  well  as  by  their  resino- vitreous 
lustre  and  amorphous  structure.  In  Obsidian,  the  fractured 
surface  shows  conchoi<lal  markings,  and  the  fragments  are 
sharp  edged  like  broken  bottle-glass.  See  also  Table  XI., 
Group  6. 
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T  A  B  L  E    X  I. 

[Lustre  non-metallic.  Hardness  sutfieient  to  scratch  glass.  Streak 
uiicoloiired.  FusiMo.  (.'olourless,  or  of  light,  clear  tint  ;  never 
opa(iue-hlaok  or  brown]. 

First  (I roup  :   ImparthKj  a  green  or  red  tohur  to  the  point 
or  margin  of  the  blowpipe-jlanie. 

Axinite  (CaO,  MuO,  Fe'O',  Al^()3,  W0\  SiO"^). 
^  Boracite  (MgO,  Bn)»,  MgUl'^). 
Datolite  (CaO,  H''(),  W0\  SiO"'). 
Butryolite  (CaO,  W0\  SiO^  H\l). 
Spodumene  (LPO,  APO^  SiO^). 
Petalite  (Li^O,  Na'^0,  A.VO\  8iO'^). 

Axinite,  Boracifr>,  Datolite  and  BotryuUte  impart  a  green 
colour  to  the  blowpipe-flame.  The  other  minerals  of  this 
group  colour  the  flame  more  or  less  distinctly  red. 

Axinite  occurs  in  very  flat,  sharp-edged,  vitreous  crystals 
of  a  violet-brown,  grey,  green  or  other  colour,  about  equal 
in  hardness  to  quartz,  sp.  gr.  3  3.  In  the  outer  flame  the 
fused  bead  is  generally  black  from  the  presence  of  manganese, 
but  it  becomes  green  and  translucent  after  ex])osure  to  the 
inner  ^ame.  Boracite  occurs  commonly  in  small,  colourless 
or  lightly-tinted  crystals  (chiefly  combinations  of  cube  and 
tetrahedron,  or  rhombic  dodecahedron,  cube,  and  tetrahedron) 
imbedded  in  anhydrite  or  gypsum.  Very  hard  (H  =  7) ;  sp. 
gr.  2'9  to  3*0.  Gives  chlorine  reaction  (i.  e.,  azui-e  color- 
ation of  flame)  when  fused  with  phosphor-salt  and  copper- 
oxide.      Datolite  occurs  commonly  in  groups  of  small  vitreous 
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crystals,' yielding  on  ignition  a  small  amount  of  water  (5 J 
per  cent.),  and  gelatinizing  in  hydrochloric  acid,  H  5  to  5*5  ; 
sp.  gr.  2'8  to  3'0.  Botryolite  occurs  in  fibro-botryoidal  masses 
which  yield  on  ignition  16  per  cent,  of  water  ',  other  charac- 
ters as  in  Datolite.  Both  are  colourless  or  light-green,  pale- 
reddish,  tfec. 

Spofhimene  colours  the  flame  vividly  red  ;  Petalite,  some- 
what less  distinctly,  and  the  coloration  does  not  always  come 
out  immediately.  Spodume/ie  is  mostly  pale-green  or  green- 
ish-white, and  Petcdite  I'eddish-white.  Both  occur  essenti- 
ally in  cleavable  lamellar  masses.  In  Spodurtiene,  the 
cleavage  angles  equal  87°  and  13."i°30* ;  H  6*5  to  7  ;  sp.  gr. 
3*1  to  3-2.  In  Petalite,  the  cleavage  angles  equal  chiefly 
117°  and  141°23^ ;  H  6  to  6-5  ;  sp.  gr.  24  to  2-6.  Spodu- 
Viene,  BB,  swells  up  and  fuses  with  much  bubbling  ;  Peta^ 
lite,  fuses  without  intumescence. 

Second  Group  : — Yielding  water  on  ignition  iv  the  bulb-tube, 
Prehnite  (CaO,  APO^,  SiO^  H'^0  4  %). 
Analcime  (Na'^0,  .4120^,  SiO^  H^O  8  "0- 
Natrnlite  (Na^O,  A1^0^  SiO^  H'^0  9  J  %). 
rhomsonite  (Na^O,  CaO,  A1^0^  SiO^  H^O  13  %). 
Scolezite  (CaO,  APO',  SiO^,  H^O  14  %).  • 

Chabazite  (K'^O,  CaO,  APO^,  810%  H^O  21  %). 
Apophyllite  (KF,  CaO,  SiO^  H'^0  16  %). 

These  minerals  occur  essentially  in  association  with  trap- 
pean  or  basaltic  rocks,  tilling  amygdaloidal  cavities  in  these, 
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or  occasioually  forming  small  strings  or  veins.  Prehnite 
scratches  glass  strongly,  and  yields  as  a  rule  little  more  than 
traces  of  water  on  ignition.  H.  6  to  8  ;  sp.  gr.  2-8  to  3. 
Fusible  with  intumescence  or  continuous  bubbling.  See 
under  Group  4,  below. 

The  other  species  of  this  group  scratch  glass  v^ery  slightly, 
and  in  some  examples  not  at  all  :  hence  they  belong  properly 
to  Table  XVIII,  but  to  prevent  risk  of  error  in  their  deter- 
mination,  they  are  referred  to,  also,  here. 

Analcime  and  JVatrolite,  fuse  without  intumescence  and 
colour  the  flame  strongly  yellow.  Their  ignition-loss  is 
below  10  per  cent.  Aiialcime  is  mostly  in  trape/ohedrons 
and  trapezohedrally  modified  cubes,  i.  e.,  with  three  small 
planes  at  each  angle.  Colourless,  opaque-white,  pale  reddish, 
&0*  H  5'5  ;  sp.  gr.  2*1  to  2*3.  Decomposed,  without 
gelatinizing,  by  hydrochloric  acid.  N^atroUte  (  —  Mesotype 
in  part)  occurs  in  acicular  groups  and  small  rhombic  crystals, 
but  more  commonly  in  light  brownish-yellow  radio-fibrous 
masses.  H  5  to  5"n;  sp,  gr.  2'17  to  2-27.  Gelatinizes  in 
hydrochloric  acid. 

Thomsonlte,  Scolezlte,  C/iahazite,  and  ApophylUte,  fuse  with 
more  or  less  strongly  marked  intumescence,  and  their  igni- 
tion-loss always  exceeds  12  per  cent. — varying  from  13  per 
cent,  in  Thonisonite,  to  21  per  cent,  in  Chabazite.  Thom- 
sonite  (  =  Coniptsonite)  occurs  in  rectangular  (nearly  square) 
prisms,  and  in  acicular  and  fibrous  exam})les.  H  5  to  5*5  ; 
sp.  gr.  2-3  to  2-4.  Scolezlte  (although  Clino-Rhombic  in 
crystallization)  much  resembles  Thoinxonite  in  general  cliarac- 
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ters,  but  is  (listinguishecl  (at  least  in  typical  examples)  by  its 
more  marked  intumescence  on  isfnition, — the  test-fraarment 
expanding  and  throwing  out  worm-like  excrescences  on  the 
first  application  of  the  fiame.  Both  gelatinize  in  hydro- 
chloric acid.  Chahazite  is  readily  distinguished  by  its 
occurrence  in  small,  obtuse  rhombohedrons, — or,  exception- 
ally (PhacoUtp,),  in  twelve-sided,  flat  pyramids,  frequently 
lenticular  from  distortion.  H  4  to  5  ;  sj).  gr.  2  to  2-2. 
Decomposed,  without  gelatinizing,  by  hydrochloric  acid. 
ApopJiyllite  or  Ichthynpthalmite  differs  from  the  other  species 
of  this  group  in  not  containing  alumina.  Hence,  its  hydro- 
chloric acid  solution  —  after  separation  of  the  silica  by 
evaporation,  moistening  the  dry  residuum  with  hydrochloric 
acid,  and  redissolving  soluble  matters  in  water — does  not 
yield  a  precipitate  with  ammonia.  It  occurs  chiefly  in 
modified  square-prisms  and  acute  pyramids  with  strongly- 
marked  basal  cleavage, — the  basal  plane  and  cleavage  plane 
being  always  pearly,  and  generally  more  or  less  iridescent, 
whilst  the  other  planes  are  vitreous  in  lustre.  Sp.  gr.  2-3 
to  2*1.      BB,  exfoliates  and  melts  with  bubbling. 


The  following  species  may  also  be  referred  to  this  group : — 
FaujaHite,  Oismonaine,  Zcanonite,  Okenirc,  Brewsterite,  PectolUe.  See 
the  author's  Blowpipe  Pracitcf.,  1'able  XXVII,  Harmotontu'  and 
Phillip,site,  which  scratch  glass  very  indistinctly,  and  in  some  ex- 
amples not  at  all,  are  placed  in  the  present  (Uiide-Book  under  Table 
XVIII. 
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Third  Group  :  Not  yiflding  water  on  v/nition.  Giving  sul- 
phur-reaction BB  with  carb.  so<ht,^  or  chlorine-reaction 
icith  phosphor-salt  and  copper  oxiile.f 

Hauune  'lUO,  Nh^O,  OaO,  AlW,  SiO^  SO'). 
Lajns  Lazuli  Na'^O,  CaO,  SiO^  S0»). 
Ilelvt'ne  (BeO,  MnO,  FeO,  SiO^  MnFeS).  ' 

Sorlalite  (Na'^O,  Al20^  SiO^  NaCl). 

The  minerals  of  this  group  are  comparatively  ( f  rare 
occurrence.  All  are  readily  decomposed,  with  gelatinization, 
by  hydrochloric  acid — Tlelvine  and  many  examples  of  Lapis 
Lazuli  giving  off  during  solution  an  odour  of  sulphuretted 
hydrogen. 

Hauyne,  Lapis  Lazuli  and  Ilclvine,  give,  by  fusion  with 
carb.  soda  on  charcoal,  a  sulphur-reaction.  Ilauyne  occurs 
chiefly  in  grains  or  small  crystals  (rhombic  dodecahedrons) 
of  a  blue  or  blueish-green  colour.  It  is  rather  dijSiculty 
fusible.  Lapis  Lazuli  occurs  chiefly  in  granular  masses  of 
a  rich  blue  colour,  often  intermixed  with  calcite  and  pyrites  ; 
also  crystallized  at  times  in  the  form  of  the  rhombic  dodeca- 
hedron, H  5'5  ;  average  sp.  gr.  2-4.      P^asily  fusible. 

Helvlae  occurs  mostly  in  sinall  tetrahedrons  of  a  dull- 
yellow  or  greyish-red  colour,  H  5*5  to  6o  ;  BB,  fuses  before 
the  flame-point  into  a  dark  l»ead,  which  becomes  yellow  in  a 

♦  The  test-matter  in  powder  is  uiixed  with  two  or  three  tiines  its  vulumeof  carb. 
soda,  and  fused  on  charcoal  in  a  reduciiiij:  llame — a  candle  or  oil-lamp  (not  a  gas 
flame)  being  used  for  the  fusion.  The  fused  slag  is  tlioii  removed  by  a  knife-point 
and  placed  with  a  drop  of  water  on  a  silver  coin.  Tlie  latter  is  stained  brown  or 
black.    The  stain  may  be  removed  by  rubbing  with  moistened  bone-ash. 

t  The  test-matter  added  to  a  fused  bead  of  phosphor-salt  coloured  deep-green  or 
blue  by  a  few  particles  of  black  copper-oxide,  is  exposed  to  the  point  of  au  oxida- 
ting flame.    This  assumes  a  vivid  blue  colour. 
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•  - 

reducing  flame.  With  carb.  soda,  gives  a  deeply-coloured 
turquoise-enamel.  Danalite  is  a  flesh-red,  zinc-holding 
Helvine.  * 

Sodalite  occurs  in  small,  colourless  (or  more  rarely  blue 
or  green),  dodecahedral  crystals  and  vitreous  grains,  and 
thus  closely  resembles  Hauyne  in  general  aspect,  but  is 
distinguished  by  giving  chlorine-reaction  [i.  e.,  azure  colora- 
tion of  flame-point)  by  fusion  with  phosphor-salt  and  copper 
oxide. 

Fourth  Group  : — Decomposed  or  attacked,   in  powder,   hy 

hydrochloric  acid. 

Sphene  (02,0,  mnO/TiO\^iO'^\ 
Nepheline  (K-'O,  Na'O,  M'0\  SiO'^). 

Wollastonite  (CaO,  SiO^). 
Prehnite  (H'^0,  CaO,  A1•^0^  SiO^). 

Wernerite  or  Scapolite  (CaO,  APO^,  SiO'). 
Anorthite  (CaO,  Am^  SiO^. 
Lahradorite  (Na'^O,  CaO,  A1■^0^  SiO'^). 

Sphene  is  only  partially  at  ticket  I,  in  fine  powder,  by 
hydrochloric  acid,  but  the  partial  solution  boiled  with  a 
piece  of  tin  gradually  assumes  a  violet  colour.  The  sp.  gr. 
of  Sphene  exceeds  3 '3,  whilst  that  of  tlie  other  minerals  of 
this  group  is  under  3.  The  light-coloured  Sphenes  are 
principally  green,  yellow  or  grey,  and  they  occur  commonly 
in  Clino- Rhombic  crystals  (frequently  twinned),  and  in 
cleavable  lamellar  masses.  Sp.  gr.  3*4  to  3*6.  BB  fusible 
with  bubbling  into  a  dark  enamel.  See  also  under  Titanite 
in  Table  X. 
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Nepheline  and  Wollastonitp.  gelatinize  with  hydrochloric 
acid.  Nepheline  occurs  in  hexagonal  prisms  and  lamellar 
masses  either  colourless,  or  pale-brown,  &c.,  with  vitreous 
lustre ;  or  grey-blue,  blueish-green,  and  red,  with  vitreo- 
resinous  aspect  (Elceolite).  Sp.  gr.  2-5  to  2-7.  Easily  fusible 
with  more  or  less  bubbling.  Wollastonite  is  chiefly  in 
colourless,  pale-reddish,  or  yellowish  fibrous  and  lamellar 
masses,  with  cleavage  angles  of  84°  30'  and  95°  30'.  Scratches 
glass  slightly.     Fuses  quietly.     Sp  gr.  2*7  to  2'9. 

Prehnite  is  chiefly  in  green  or  greenish-white  (or  occasion- 
ally pale-red)  fibro-botryoidal  examples  in  trap  rocks,  more 
rarely  in  tabular  and  plasmatic  crystals.*  H  =  6  to  7  ;  sp. 
gr.  2-8  to  2 '96.  Easily  fusible  with  continued  bubbling. 
When  strongly  ignited  in  the  bulbtubc^  it  shoidd  yield 
about  4  per  cent,  water,  but  in  many  cases  the  reaction  is 
very  obscure  :  hence  this  species  is  inserted  in  the  present 
Table.  Only  in  part  decomposed  by  liydrochloric  acid,  unless 
previously  fused.  Chlorastroltta  is  a  green  variety  in  small 
nodules  from  Lake  Superior. 

Wernerite  or  ScapolUe,  Anorthife,  and  Labradonte,  are 
decomposed  (the  hitter  incompletely;,  without  gelatinizing, 
in  hydrochloric  acid 

Wernej'ite  is  chiefly  in  short,  thick,  Tetragonal  prisms  with 
pyramidal  terminations,  or  in  tibro-lamellar  and  columnar 
masses,  white,  pale-red,  gi'eenish,  ttc,  in  colour.  H  5  to  6  ; 
sp.  gr.  2  6  to  2 '8.  Fusible  with  moi-e  or  less  bubbling. 
Anorthite  occurs  in  Glino-Rliombic  crystals  (often  twinned) 
and  in  lamellar  and  granular  masses  of  a  white  or  pale-red 


*  See  a  synopsis  of  the  typical  Prehnite  crystals,  in  the  author's  Blowpipe  Practice 
»ud  Mineral  Tables,  page  275. 
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colour,  with  cleavage-aiirrles  of  Sa'^SO'  and  94^'  I0\  H  6  ;  sp. 
gr.  2-6  to  2iS.  Fusible  quietly,  but  on  the  edges  only,  un- 
less in  thin,  pointed  splinters.  Lahradorite  occurs  essenti- 
ally in  cleavable  lamellar  masses,  mostly  light-grey  or  white 
in  colour,  with  (in  typical  examples)  reflected  tints  of  blue, 
green,  violet,  or  orange  Cleavage-angles,  86^40'  and  93*^ 
20\     Otherwise  much  like  Anorthite,  but  more  easily  fusible. 

Fifth  Group  :   Decomposed  by  hydrochloric  acid  only 

after  fusion. 

This  group  is  chiefly  represented  by  light-coloured  varie- 
ties of  the  species  described  under  Group  2  of  Table  X.  In 
testing  their  solubility,  three  or  four  fused  beads  should  be 
prepared,  and  these  must  be  reduced  to  fine  powder,  first  in 
a  steel  mortar  (or  by  the  hammer  and  anvil,  under  a  slip  of 
paper)  and  then  in  the  agate  mortar.  On  the  solution  being 
slowly  evaporated,  the  silica  separates  in  a  gelatinous  con- 
dition.    The  sp.  gr.  of  the  included  minerals  exceeds  3. 

Garnet  ,CaO,  MgO,  FeO,  MnO,  APO',  SiO^). 
Idocra^e  or  Vesuvian  (CaO,  &c.,  APO'',  SiO^), 
Epidote  CaO,  APO^  ¥q'0\  mi'0\  SiO'). 
Zoizite  (CaO,  A1'0^  SiO'^. 
See,  also,  Prehnite  in  the  preceding  group. 

Garnet  may  usually  be  distinguished  by  its  occurrence  in 
rounded  grains  or  crystals  of  the  Regular  System  (rhombic 
dodecahedron  and  trapezohedron) — the  other  minerals  of  the 
group  affecting  prismatic  forms  and  fibrous  or  columnar 
aggregations.  Idocrase  is  Tetragonal  in*  crystallization ; 
Zoizite,   Rhombic;    and  Epidote,   Clino-Rhombic   (See  the 
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preceding  Table,  Group  2).  The  principal  varieties  of  Gar- 
net referable  to  the  present  grou}),  include  the  red,  pink  and 
light  brown  common  Garnets  {Aplome  and  Ahmm'h'ne  in 
part,  Ilessonite,  &c.),  the  yellow  Topazolite  and  the  light- 
green  Grossnlar.  I<1oci'ase  or  Vesuvian  can  hardly  be  dis- 
tinguished, except  by  its  Tetragonal  crystallization,  from 
many  garnf^ts.  It  fuses,  however,  with  considerable  bub- 
bling, whilst  most  garnets  fuse  more  or  less  quietly  or  with 
only  slight  bubbling.  In  both,  the  average  sp.  gr.  equals 
3*3  or  3*4  (as  regards  light-coloured  examples).  H  in  Vesu- 
vian, 6-5 ;  in  Oarnet  7  to  7*5.  The  common  colours  of 
Vesuvian,  are  clear  red,  yellowish-brown,  green,  &c. 

Epiflote  and  Zoizite  curl  up  or  expand  into  a  cauliflower- 
like mass  on  the  first  application  of  the  flame,  and  after- 
wards fuse  into  a  slag  or  glass,  which  is  usually  dark  in 
colour  in  Epidote,  and  colourless  in  Zoizite.  Epidote  occurs 
in  fibi'ous  and  columnar  masses  and  in  transversely  elonga- 
ted prismatic  crystals  of  a  green  or  yellowish-brown  tint. 
Sp.  gr.  3'3  to  35  ;  H  6  to  7.  Zoizite  is  commonly  in  light- 
grey,  greenish- white,  or  reddish,  sub-columnar  and  bladed 
masses.  H  6  ;  sp.  gr.  3'2  to  3  4.  Cleavage  strongly  mai-ked 
in  one  direction.  In  Epidote  there  are  two  easy  cleavages, 
meeting  at  angle  of  11 5*^24'.  The  light  grey  colour  and 
bladed  structure  of  typical  examples  of  Zoizite  serve,  as  a 
rule,  to  distinguish  the  two  species. 

Sixth  Group  : — Not  attacked  by  hydrochloric  acid. 

(See  the  directions  given  in  the  foot-nctte  to  Tai)!*;  X.) 

Rhodonite  (MnO,  SiO^, — part  of  MnO  commonly  replaced 
by  CaO,  &c.) 

Diopside  or  Light-coloured  Pyroxene  (OaO,  MgO,  SiO'j. 
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TremoUte  or  Light-Coloured  Amphihole  (MgO,  CaO,  SiO'). 
Enstatite  (Mgo,  SiO^).  •      . 

Or^/*oc/ase  (K^O,  APO',  SiO'O.      * 
Albite  {Nsi'O,  APO^  SiO^. 
Obsidian  (K^O,  Na^O,  AlW,  SiO=). 

Rhodonite  is  at  once  distinguished  by  the  strong  man- 
ganese-reaction which  it  gives  with  borax  or  carb-aoda  before 
the  blowpipe,  and  by  fusing  jyer  se  into  a  dark-red  or  amethy- 
stine glass  which  becomes  black  and  opaque  in  the  outer 
flame.  It  occurs  chiefly  in  red,  cleavable  masses,  weathering 
dark-brown.     H  5  to  5*5  ;  sp.  gr.  3  5  to  3  05. 

Diop.nde  and  TremoUte  are  very  commonly  in  fibrous  and 
acicular  examples,  a  condition  never  presented  by  Orthoelase 
or  Albite.  They  are  also  more  easily  fusible  than  these  latter 
minerals,  which,  as  a  rule,  unless  in  very  thin  splinters,  melt 
on  the  edges  only.  Their  colour  is  commonly  white,  pale- 
grey,  greenish -white  or  light-green, — varieties  of  the  latter 
colour  (  =  Oreen  Diopside,  Sahlite,  dec,  and  ActynoUte  form- 
ing, respectively,  a  connecting  link  to  Augite  and  Hombhnde. 
In  Dlopsi<h  crystals,  the  prism-angle  equals  87°  6  ;  and  in 
TremoUte  and  ActynoUte,  the  same  angle  equals  124°  30'. 
In  lamellar  examples,  the  cleavage  angles  are  identical  with 
these.*  H  5 "5  to  6  ;  sp.  gr.,  in  Diopside,  3  to  3-4  ;  in 
TremoUte  2*9  to  3*3.  Both  fuse,  in  thin  splinters,  with 
slight  bubbling. 

Enstatite  is  a  kind  of  rhombic,  non -calcareous  pyroxene. 
In  ordinary  examples  it  cannot  properly  by  distinguished 

*  A  synopsis  of  the  crystal  types  of  Pyroxene  and  Amphihole  will  be  found  in  the 
Mineral  Tables  (pages  250  to  252)  forming  Part  II.  of  the  author's  "  Blowpi^ie 
Practice." 
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from  the  latter,  except  by  its  dilficult  fusibility.  It  presents 
a  green  or  greenish-grey  colour,  and  occurs  in  cleavable 
masses  and  occasionally  in  rhombic  crystals.  H  nearly  6  ; 
sp.  gr.  3'1  to  3'3.     Fusible  only  when  in  very  tine  splinters. 

Orthorlase,  commonly  known  as  "  Potash  Feldspar,"  and 
^^6i<e  or  "  Soda  Feldspar,"  occur  chiefly  in  crystals  .often 
large  and  rough)  and  in  cleavable,  lamellar  masses  of  a 
white,  red,  grey,  or  light-green  colour,  easily  distinguished 
from  cleavable  ligjit-coloured  Pyroxenes  and  Amphiboles  by 
their  lower  sp.  gr.,  which  is  always  under  2-7.  Orthoclase 
is  Clino-Khombic  in  crystallization,  and  its  cleavage  planes 
(which  are  generally  somewhat  pearly)  meet  at  right  angles. 
Sp.  gr.  2'5  to  2'6.  Albite,  is  Tricliuic  or  Anorthic  in  crys- 
tallization, and  its  cleavage  planes  meet  at  angles  of  86°24' 
and  93°36\*  Sp.  gr.  2-6  to  2-G5.  Both  0  thodase  and 
Albite  are  difficultly  fusible  unless  in  tine  splintei-s,  and  they 
are  thus  constantly  regarded  as  infusible  by  students  who 
have  had  but  little  practice  in  blowpipe  work,  or  who  pre- 
sist  in  using  fragments  of  unsuitable  size.  Both  scratch 
glass  strongly  (H  =  6). 

Obsidian  is  easily  recognized  by  its  occurrence  in  amor- 
phous sharp-edged  masses,  somewhat  resembling  bottle-glass, 
of  a  grey,  greenish,  brown,  black,  or  other  colour.  H  6  to 
7 ;  sp.  gr.  22  to  2*4.  Shews  conchoidal  fracture,  and  is 
readily  fusible. 


*  See  conspectus  of  the  crystal  types  of  Orthoclase  and  Albite,  in  the  author's 
Blowpipe  Practice  and  Mineral  Tables,"  pages  253  to  256. 


48  THE    MINERAL    INDICATOR. 

TABLE    XII. 

{Minerals  of  noii-nietallio  lusfcro  and  uncoloured  streak.  Hard 
enougli  to  scratch  glass.  Infusible,  or  fusible  on  thinnest  edges 
only.] 

First  Group  :   Yieldiny  water  on  iynition  in  the  bulb-tube. 

Turquoise  or  Kalaite  (X.VO\Y\y,K'0). 

LaziiUte  (MgO,  Al'O^  P-'O',  H'^0). 
.     Diaspore  (APO^  H^O). 

C/i/oW^oiW  (MgO,  FeO,  APO«,  Si02,  H'^0). 

Ceri7^(CeO,  SiO'^  H'O). 
•    <Jalamine{ZiiO,^iO\WO), 

Turquoise,  Lazulite,  Diasporf,  and  CJiloritoid,  scratch 
glass  distinctly ;  Cerite  and  Calamine,  more  or  less  feeblj^ 
or  indistinctly. 

Turquoise  and  Lazulite  ai*e  phosphates  ;  their  aohition  in 
nitric  acid  gives  consequently  a  canary-yellow  precipitate 
with  amni.  molybdate.  Turquoise  occurs  in  light-blue  and 
blueish-green,  opaque,  uncleavable  examples.  H  6  ;  sp.  gr. 
2'G  to  2-8.  Blackens  on  ignition,  and  yields  20  to  21  per 
cent,  water  in  the  bulb- tube.  Many  specimens  give  copper- 
reactions  with  borax.  Lazulite  occurs  essentially  in  small, 
pyramidal  crystals  of  a  light-blue  colour.  H  5'0  to  G  ;  sp. 
gr.  3  to  3-2.  BB,  crumbles  and  tinges  the  flame-point  pale- 
green,  but  does  not  fuse.  In  the  bulb-tube,  yields  about  6 
per  cent,  water. 

Diaspore  occurs  mostly  in  white  or  lightly^tinted  foliated, 
scaly,  or  broad-fibrous  examples  :  more  rarely  in  rhombic 
-crystals.     H  6  ;  sp.  gr.  3 -3  to  3-5.     Decrepitates  (as  a  rule) 
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on  ignition,  iuui  yields  about  15  per  cent,  water.  Assumes 
a  fine  blue  eoloui*  after  ignition  with  cobalt  nitrate.  Inso- 
luble in  acids. 

Chloritoid  is  distini^uished  by  its  ocourronce  in  dark- 
green,  foliated  and  scaly-granular  masses,  resembling  ordin- 
ary v/dorite  (Table  XX),  but  differing  by  its  much  greater 
hardness,  5-5  to  b,  sp.  gr.  3-5  to  3-(),  Fusible  on  thin 
edges  into  a  black  magnetic  slag.  Decomposed,  in  powder, 
by  sulphuric  acid,  but  scarcely  attacked  by  hytlrochloric  acid. 

Cerlte  and  Calaniine  ai'e  decomposed  with  gelatinization 
by  hydrochloric  acid. 

Cerite  occurs  chiefly  in  fine-granular  masses  of  a  red, 
brownish,  or  red-grey  colour.  H  5  to  5  5  ;  sp.  gr.  4-0  to 
5*0.  BB  becomes  yellow  but  does  not  fuse.  In  the  bulb- 
tube  gives  G  per  cent,  water.  The  saturated  borax-glass 
becomes  opaque  on  cooling  or  when  flamed.  . 

Calainme  occurs  mostly  in  aggi-egations  of  small,  vitreous 
crystals,  and  in  botryoidal  and  cavernous  masses,  white, 
yellowish,  or  brownish  in  colour,  and  sometimes  light-blue 
from  presence  of  a  small  amount  of  cop]>er  oxide.  Scratches 
glass  very  feebly,  in  some  cases  not  at  all ;  hence  belongs 
properly  to  Table  XX,  which  see.  The  saturated  borax- 
glass  becomes  opacpie  on  cooling  or  when  flamed ;  and  when 
crushed  and  mixed  with  some  carb.  soda,  it  gives  on  charcoal, 
in  a  good  reducing  flame,  a  zinc  sublimate, — lemon-yellow 
whilst  hot,  white  when  cold,  and  light-green  after  ignition 
with  cobalt  solution.  In  the  bulb-tube,  Calamine  yields 
7*5  per  cent,  water.     Sp.  gr.  3*3  to  3*5. 
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Second  Group:  —  Anhij(h'(ms  (or  practically  anliijdrons) 
species.  Decomposed  in  powler  by  hy<hochlonc  acid^ 
the  silica  separating  (on  pai'tial  evaporation  of  the  solu- 
tion) lit  a  iielatinous  state. 

Willemite  (ZiiO,  SiO''). 
Troostite  (ZnO,  MnO,  FeO,  SiO^). 
Chrysolite  or  Olivine  (MgO,  FeO,  SiO'^) 
Chow/ro'/ite  (MgFl^  MgO,  FeO,  SiO^. 
Gehleaite  (CaO,  IVIgO,  Al  0\  SiO'^). 

Willemite  and  Troostite  when  fused  with  a  mixture  of 
carb.  soda  and  borax  in  a  good  reducing  Hame  on  charcoal, 
deposit  on  the  support  a  sublimate  of  zinc  oxide,  lemon- 
yellow  whilst  hot,  and  white  when  cold.  Moistened  with  a 
drop  of  cobalt  nitrate,  and  again  ignited,  the  sublimate  on 
cooling  becomes  light-green.  Fused  with  borax  on  platinum 
wire,  both  form  a  glass  which  on  saturation  becomes  opaque 
by  darning  or  when  cold,  Willemite  is  mostly  in  very  small 
rhombohedral  crystals  with  rounded  edges ;  whilst  Troostite 
(properly  a  manganese-holding  variety  of  Willemite)  is 
generally  in  opaque  or  semi-opaque  crystals  (hexagonal  prisms 
with  rhombohedral  terminations)  of  medium  size.  Both 
are  white,  yellowish-grey,  brownish,  &c.  H  5*5  ;  sp.  gr. 
3*9  to  •i-2  ;  infusible,  or  vitrifying  on  thin  edges  only. 

Chrysolite,  Chondrodite  and  Gehlenite  scratch  glass  strongly. 
The  common  variety  of  ('krysoUU' — the  only  one  likely  to 
come  under  ordinary  observation — is  known  as  Olivine. 
This  occurs  chiefly  in  small,  vitreous,  granular  examples  of  a 
bottle-green  or  yellowish-brown  colour,  in  basaltic  rocks. 
Chrysolite  proper  is  in  small  prismatic  crystals  of  a  pale- 
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yellow  or  greenish-yellow  colour.  H  <')")  to  7  ;  sp.  gr.  3*2 
to  3'5.  '  hondrotUtd  occurs  mostly  in  sniuU,  yellow,  greenish, 
or  yellovvisli-brown,  grunulur  masses,  in  crystalline  limestone. 
H  G  to  6'5  ;  sj).  gr.  3  to  3"3.  Pi-actically,  infusil)le.  In 
powder,  with  concentrated  suli)huri('  acid,  gives  fluorine 
reaction — /'.  <'.,  it  emits  fumes  which  corrode  glass.  Grhfeiiite 
occurs  chiefly  in  s(|uare  [)risms  of  small  size,  greenish-grey, 
green  or  brownish  in  colour.  H  5 "5  to  G  ;  sp.  gv.  3"1.  BB, 
rounded  on  thin  edges. 

Third  Group  : — Disso/verf  or  ifecomposrd  in  jwicclcr,  ivifh- 
out  gclntiitiziufj^  by  hydrocldoiic  acid. 

Zinc  Spar  (ZnO,  CO^). 

Apatite  (CaO,  Y'0\  Ca  [CI,  F]^). 

L''urite  (K'^O,  A.VO\  SiO'O. 

Zinc  Spar  and  Apatite  scratch  glass  very  feeV)ly  or  indis- 
tinctly, antl  in  many  examples  do  not  scratch  glass  at  all. 
Hence  these  minerals  belong  properly  to  other  Tables.  Zinc 
Spar  is  especially  distinguished  by  eftervescing  in  acids  and 
by  giving  a  sublimate  of  ZnO  (lemon-yellow  whilst  hot,  and 
white  when  cold)  by  fusion  in  a  reducing  flame  on  charcoal 
with  a  mixture  of  carb.  soda  antl  borax  :  See  Table  XV. — 
Apatite  occurs  chiefly  in  hexagonal  crystals  and  in  granular 
and  cleavable  masses  of  a  green,  greenish-white,  or  brownish 
red  colour.  Fine  splinters  vitrify  at  the  extreme  i)oint  in  a 
well-sustained  flame.  The  solution  in  nitric  acid  vields  a 
canary-yellow  precipitate  with  amm.  molydate.  See  Table 
XX.,  Group  2. 

Leucite,  as  a  rule,  is  readily  distinguished  ))y  its  occurrence 
in   trapezohedrons  (or   pseudo-trapezohedrons),  or   in   small 
5 
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granular  masses,  in  lava.  Its  colour  is  white,  pale-yellowish 
or  light-grey.     H  5-5  to  G  ;  sp.  gr.  2-45  to  2o.     Infusible. 

Fourth  Group  :  Forming  BB  with  borax  in  the  R.  F.  a      ;•' 
dark  vinlet-broion  glass  which  {lohen  saturated^  becomes 
coated  ht/  flaming  icith  a  light-blue  film  * 

-     Rutile  (TiO'O. 

Anotase  or  Octahedrite  (TiC^). 

Brookite  (TiO'O. 

(  Arkansite  =  Ferruginous  Brookite). 

These  minerals  can  only  be  distinguished  individually  by 
crystallization  and  general  aspect.  In  all,  the  lustre  is 
adamantine,  approaching  sub-metallic.  Rutllf  is  commonly 
dark-red  with  indistinctly  light-brown  streak  ;  and  is  usually 
in  square-prismatic  crystals,  longitudinally  striated,  and  very 
fre(piently  twinned  so  as  to  present  a  geniculated  aspect.  It 
occurs  also  in  the  form  of  o})aque,  dark  pebbles,  a  variety 
known  as  Nigrine.     H  6  to  6  5  ;  sp.  gr.  4-2  to  4*3. 

Auatase  or  Octahedrite  is  indigo-blue,  brown,  or  yellowish- 
grey  in  colour ;  and  it  occurs  always  in  acute  square-based 
pyramids,  of  small  size  but  very  distinctly  formed.  H  5*5 
to  6  ;  sp.  gr.  3 "8  to  4.  Brookite  occuis  in  rhombic  crystals, 
comQionly  more  or  less  tabular,  of  a  light-brown  or  light 
yellowish-red  colour ;  but  is  sometimes  black  and  opaque,  as 
in  the  variety  Arkansite,     H  5*5  to  6  ;  sp.  gr.  4  to  4*3. 


See  foot-note  to  grciup  3,  Table  IX. 
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Fifth  Group  :    YirJdint/  m'taVir  [jhthnUs    BB,  with 
rP'hicinii  flux  on  charcoal. 

Cassi'ferite  '>/'  Tinstone  (SnC). 

This  mineral,  the  common  ore  of  tin,  is  the  only  represen- 
tative of  this  group.  It  is  easily  recognized  by  its  high  sp. 
gr.  (6 '7  to  7),  combined  witli  its  stony  aspect  and  great 
hardness  (Jo  to  7)  ;  as  well  as  by  the  malleable  metallic 
globules  obtained  from  it  l)y  Ijlowpipe  treatment  with 
reducing  flux  on  charcoal.  It  may  be  reduced  indeed  y^fr  se 
(although  quite  infusible),  but  a  well-sustained  blast  is  re- 
quired for  the  pur[)ose.  With  a  mixture  of  carb,  soda  and 
a  little  borax,  or  carb.  soda  and  cyanide  of  potassium  (the 
latter  reagent,  it  must  be  remembered  is  a  liigldy  poisonous 
substance),  or  with  neutral  oxalate  of  potash,  the  reduction 
is  very  easily  effectevl.  Cassiterite  occurs  principally  under 
two  forms  :  in  small  crystals  of  the  Tetragonal  System 
(mostly  combinations  of  square  prism  and  pyramid,  often 
twinned  or  geniculated),  and  in  small  peb})les  known  as 
*' stream  tin"  from  their  occurrence  in  alluvial  deposits. 
Occasionally,  also,  it  is  found  in  massive  exam})les  of  radio- 
concentric  structure  known  as  "  toad's-eye  tin  "and  "wood 
tin."  Commonly,  dark  or  light-brown,  black,  reddish,  <fec.  ; 
more  rarely,  colourless. 

Sixth  Group  :   Reactions  of  preceding  groups   not  manifes- 
ted,     Specific  qravity  exceeding  3. 

Zircon  (ZrO-,  Si02).  -  - 

Corundum  {^A.VO^).       ^  _         .  __ 

;  Chrysoheryl  (BeO,  AlW).        •  *  , 

Spinel  {MgO,  Al'-Q'^). 
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Oahnite  (ZnO,  AlW). 

F/conaste  (MgO,  FeO,  APO=^). 

Diamond  (C). 

Topaz  (APO",  Si02,  FI). 

Staurolite  (FeO,  MgO,  APO^,  SiO^). 

Ci/anite  APO^,  SiO^). 

Andalusite  {A\-0\  SiO^). 

UwarowUe  {Chrome  Garnet  :   CaO,  APO^,  Cr'-^Os,  SiO^). 

Tourmaline  (MgO,  APO\  B'-'O^,  SiO^). 

These  minerals  may  be  subdivided  into  lesser  groups  in 
accordance  with  their  specific  gravity.  In  Zircon^  Corun- 
dum^ Gahnite,  and  Plmnaste  (the  two  latter  commonly  re- 
garded as  varieties  or  sub-species  of  Spinel),  the  sp.  gr. 
equals  or  exceeds  3"9  or  4.  Zircon  occurs  in  Tetragonal 
crystals  (and  occasionally  in  rounded  grains)  of  a  dark  or 
light  red,  brown,  yellow,  yellowish-grey  or  otljer  colour, 
rarely  colourless.  The  crystals  are  commonly  square  prisms 
combined  with  a  square  pyramid  or  with  several  pyramids. 
H  7'5  ;  sp.  gr.  usually  about  4"4.  BB,  in  powder,  slowly 
dissolved  by  borax,  the  saturated  glass  becoming  opaque 
when  flamed.  Corundum  is  the  hardest  of  all  known 
minerals,  the  diamond  excepted.  It  represents  three  more 
of  less  distinct  varieties  :  Noble  Corundum,  Adamantine 
Spar  antl  Emery.  The  first  occurs  in  small  transparent  or 
translucent  crystals  and  rolled  pebbles  of  a  blue,  red,  white, 
or  other  tint — two  colours,  as  blue  and  white,  being  often 
present  together  in  the  same  example.  The  crystals  are 
chiefly  acute  hexagonal  pyramids,  sometimes  with  large 
vasal  plane,  but  are  frequently  ill-shaped.     Blue  examples 
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form  the  Sapphire,  and  red  examples  the  rnhjj  of  jewellery. 
Adamantine  Spir  is  a  coarser  variety  in  translucent  or 
opaque  crystals  and  cleavable  examples  of  a  greenish-\vliite> 
dull-green,  red,  brownish,  or  other  colour.  The  cleavage  is 
rhombohedral  and  also  basal,  and  some  of  the  cleavage  planes 
shew  a  delicate  cross-striation.  The  s[).  gr.  of  these  varie- 
ties averages  4,  but  oscillates  between  39 1  and  4*  16.  The 
third  variety,  Emery,  occurs  in  granular  masses  of  a  grey, 
dull-blue,  or  black  colour,  dark  examples  being  often  mixed 
with  magnetic  iron  ore.  When  fused  in  fine  powder  with 
potassium  bisulphate,  Corundum  becomes  soluble  in  water- 
From  the  solution,  ammonia  precipitates  gelatinous  Al'^'O^, 
often  tinted  brown  by  accompanying  Fe'^O^. 

Ofhnife  and  P/eonas*<^.  occur  in  dark-green  or  black  opaque 
octahedrons,  often  twinuv^d.  Gahnite  gives  a  sublimate  of 
ZnO,  when  fused  on  charcoal  with  a  mixture  of  carb.  soda 
and  borax.  H  8  ;  sp.  gr.  4"3  to  49.  Fleonaste  is  'a.  ferru- 
ginous spinel,  distinguished  from  the  zinc  spinel,  Qahnite, 
by  its  lower  sp.  gr.  (which  does  not  exceed  4),  and  also  by 
not  yielding  a  sublimate  with  reducing  agents  on  charcoal. 

The  second  sub-group,  with  sp.  gr.  between  3*5  and  3*75, 
comprises:  Spinel,  proper,  Chrt/soberyl,  the  Diamond,  Topaz, 
Uwaroicite ov  Chiome  Garnet,  Staurolite,  and  Cyanite.  The 
four  last  are  silicates,  and  they  give  a  silica-skeleton  by 
fusion  with  phosphor-salt.  Spinel  occurs  as  a  rule  in  small 
octahedrons  (often  twinned  of  a  red  or  pale-blue  colour.  H 
8  ',  sp.  gr.  3*5  to  3*62.  Clinjsoheryl  or  Cym,ophane,  is  a 
comparatively  rare  mineral,  greenish-white  or  green  in 
colour,  sometimes  opalescent,  and  occurring  essentially  in 
small  prismatic  crystals  of  the  Rhombic  system.     These  are 
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occasionally  in  stelliform  or  ])seudo  hexagonal  twin-combina- 
tions. H  8  to  85  ;  sp.  gr.  3'G5  to  375.  Decomposed  by 
fusion,  in  fine  powder,  with  potassium  bisul[)hate.  The 
Dkmion<1  scratches  Coriindvm,  Topaz,  and  all  other  bodies. 
It  occurs  in  small  crystals  (often  with  curved  planes)  of  the 
Regular  System  —  more  especially  in  octahedrons,  tetra- 
hedrons, and  48-facod  solids  or  adamantoids,  with  octahedral 
cleavage.  Colourless,  or  variously  tinted  ;  sometimes  black. 
Sp.  gr.  3-5  to  3"55.  Topaz  occurs  is  prismatic  (Rhombic) 
crystals*  and  small  pebbles  of  a  yellow,  yellowish  white, 
greenish-white  or  pale-blueish  colour,  and  vitreous  lustre, 
with  perfect  cleavage  in  one  direction  ;  an<l  also  in  opaque, 
pale  reddish-white  and  straw-yellow,  columnar  and  prismatic 
aggregations  [l^ijcnltc).  H  8;  sp.  gr.  3*5  to  3.57.  The 
greater  hardness  and  higher  sp.  gr.,  as  well  as  the  rhombic 
form  when  crystallized,  serve  at  once  to  distinguish  it  from 
beryl  and  quartz.  Its  almost  colourless  pebbles  are  dis- 
tinguished also  from  those  of  quartz  by  their  ready  cleavage. 
Uwaroirito.  or  (^hrme  Garn<t,  which  difiers  from  ordinary 
garnets  by  its  infusibility,  occurs  in  small  granular  exami>les 
and  microsco})ic  cryst;ils  (rhojubic  dodecahedrons)  of  an 
emerald-green  colour,  mostly  imbedded  in  crystalline  lime- 
stone. It  is  comparatively  rare,  but  occurs  at  several 
localities  in  the  Province  of  Quebec.  H  7 '5  ;  sp.  gr.  3  5. 
With  borax  and  phosphor-salt  it  forms  glasses  of  a  tine  green 
colour,  when  cold.  Stourolite  occurs  chiefly  in  twinned 
cruciform  crystals,  more  rarely  in  simple  rhombic  prisms,  of 
a  dark  red  or  opaque-brown  colour,  sometimes  coated  with 


*  See  synopsis  of  tlie  three  lending  types  of  to]>az  crystals  (Brazilian,  Siberian, 
and  Saxon)  in  the  Author's  Mink^ial  Tables,  forming  Part  II.  cf  "  Blowpipe 
Practice,"  page  209. 
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glistening  mica  or  intimately  associated  witli  crystals  of 
blue  and  white  cyanite.  H  7  to  7"5  ;  sp.  jjr.  3%)  to  3*8. 
The  rhombic  crystals  are  commonly  six-sided  from  the  re- 
placement of  the  acute  edges.  In  other  respects  the  species 
is  in  general  easily  distingiiislied  by  the  remarkable  cruciform 
crystals  in  wliich  it  so  commonly  occurs.  Cijanite  or 
Ky finite  (also  known  as  Disthene)  occurs  chiefly  in  bladed  or 
fibrous  masses,  or  in  long  imperfectly  formed  crystals,  of  a 
blueish-white,  pale-blue,  light-grey,  greenish  or  reddish 
colour,  and  somewhat  pearly  or  pearly-vdtreous  lustre.  H, 
on  edges,  7;  on  fiat  surface  5  to  55.  Sj).  gr.  3"5  to  3"7. 
BB,  quite  infusible. 

A  third  sub-group,  with  specific  gravity  below  3*3,  com- 
prises Andalusite  and  Tourmaline,  the  black,  fusible  variety 
of  the  latter,  known  as  Schorl,  excepted.  These  give,  BB, 
with  phosphor-salt,  a  silica  skeleton.  Andalusite  is  com- 
monly in  granular  masses  and  in  somewhat  coarse  prisms — 
apparently  square,  but  actually  rhombic,  with  angles  of 
about  91°  and  89^ — dull-red,  grey,  &c.,  in  colour.  H  (in 
unaltered  examples)  7  to  7*5  ;  sp.  gr.  3-1  to  3*2.  BB,  quite 
infusible  ;  by  ignition  in  powder  with  cobalt-solution  be- 
comes blue,  but  this  character  is  common  to  all  the  alumin- 
ous  minerals  of  this  group  (  Corun<Juin,  Ckrysoberijl,  CyanitPy 
&c. ).  The  curious  mineral  Chiasfolite,  is  commonly  regard- 
ed as  a  variety  of  Audalsuite.  It  is  at  once  recognized  by 
its  peculiar  occurrence  in  slender  straw-like  prisms  scattered 
through  certain  clay  slates  and  micaceous  schists,  or  occa- 
sionally in  thicker  cruciform! y-arranged  prisms,  shewing  in 
both  cases  on  the  transverse  section,  a  dark  cross,  or  dark 
lozenge  at  the  centre  and  angles,  composed  of  intervening 
rock-matter. 
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Tonrmaline  here  considered  iipart  from  tlie  black,  fusible 
variety,  Schorl,  is  usually  in  ti-ianiijular  or  nine-sided  prisms 
of  a  green,  brown,  blue,  or  red  colour,  sometimes  red  inter- 
nally, ami  ureen  on  the  outside,  in  the  same  specimen.  Red, 
lithia-containing  varieties  are  known  as  liuhfllite,.  The 
prisms  are  more  or  less  translucent  when  viewed  trans- 
versely, and  opaque  (even  in  short  pieces)  longitudinally. 
H  7  to  75  ;  sp.gr.  2*9  to  3-2.  Pyro-electric  ;  BB,  practically 
infusible  ;  but  some  examples  become  slightly  blistered  on 
thin  edges,  and  most  examj)les  lose  their  colour.  The  pre- 
sence of  B'O^  is  revealed  by  treating  in  fine  powder  with 
isulphuric  acid,  evaporating  nearly  to  dryness,  and  testing 
on  a  loop  of  platinum  wire,  or  in  a  platinum  spoon,  in  the 
Bunsen  or  blowpipe  flame  ;  or  by  adding  alcohol,  and  inflam- 
ing the  mixture.  The  point  or  border  of  the  flame  becomes 
coloured  distinctlv  green. 

Seventh  Group: — Specific  <jravi((/  under  3,     Reactions  of 
preceding  groups  not  niani/sted. 

The  minerals  referred  to  this  group  comprise  the  infusible 
species  Qwirtz  and  Opnl,  in  which  there  is  no  visible 
cleavage  ;  the  i)ractically  infusible  lolite  and  Beryl,  with 
more  or  less  distinct  cleavage  ;  and  the  dithculty  fusible 
feldspars  Orthx-ldtif'  and  All>ite,  with  strongly  pronounced, 
spathoidal  cleavage-planes. 

Quirtzi^'iO"-). 

Opal  (colloidal  SiO',  usuallv  hydrated;. 
lolite  (essentially,  MgO,  FeO,  AlW,  SiO^). 
Beryl  or  Eniernld  (BeO,  Al'^O^  SiO^). 
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OrthrM-lise  (essentially,  K^O,  APO^  SiO^). 
Albite  (essentially,  Na^O,  Al'-'O^  SiO'). 

*  Quartz  and  Optl  break  with  conchoidal  fracture,  and  are 
quite  infusible.  Qu((rtz  occurs  in  vitreous  masses,  and 
abundantly  in  hexagonal  prisms  and  pyramids,  either  colour- 
less, or  tinted  brown,  yellow,  violet,  rose-red,  (fee,  forming, 
among  others,  the  varieties  known  as  Rock-cri/stal,  Smoky 
Quartz,  Cairngorm,  Amethyst,  and  Rose-quartz.  Also  in 
uncrystalline,  sub-vitrous,  calcedonic  varieties,  forming 
Calcedony  (white,  yellowish,  blueish,  (fee),  darnfiian  (red), 
Chrysoprase  (apple-green,  the  colour  due  to  NiO),  Cat^s  eye 
(yellowish,  colourless,  green,  (fee,  with  floating  opalescence). 
Heliotrope  or  Bbxxhtone  (dark-green,  often  with  red-spots)^ 
Agate  and  Onyx  (with  banded  colours),  Jasprr  opaque  red, 
brown,  (fee),  Flint,  Hornstone,  Chert ^  &c. — the  latter  varieties 
often  forming  the  petrifying  substance  of  organic  remains. 

In  the  crystalline  examples,  H  =  7.  It  is  sometimes  a 
little  lower  in  other  varieties,  but  all  scratch  glass  very 
strongly.  Sp.  gr.  2-5  to  2 '8,  mostly  about  2 '06.  Opal  oc- 
curs only  in  amorphous  masses,  conmionly  in  cavities  of 
certain  amygdaloidal  trap-rocks.  H  5*5  to  6-5  ;  sp.  gr.  1-5 
to  2  5.  The  leading  varieties  comprise  Noble  Opal,  Girasol^ 
Fire  Opal  (colourless,  pale-blueish,  yellowish,  with  green, 
blue,  red,  and  other  coloured  iridescence)  ;  Hyalite  (in 
colourless  botryoidal  masses  and  coatings  on  lava)  ;  Common 
Opal,  Semi-Opal^  Wood-Opal,  dbc.  (white,  brown,  blueish, 
red,  yellow,  (fee,  with  more  or  less  waxy  or  sub-resinous 
aspect).  These  varieties  almost  invariably  yield  a  little 
water  by  ignition  in  the  bulb-tube ;  and  they  are  attacked^ 
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and  wholly  or  in  great  part  dissolved,  when  boiled  in  tine 
powder  with  a  strong  solution  of  caustic  potash. 

lolite  (also  named  Dihroitc  and  C(>r(Uerite)  is  not  very 
common.  It  occurs  chiefly  in  small  granular  examples  of  a 
dull-blue,  blue-black,  or  brownish  colour,  and  occasionally  in 
short  thick  prisms  of  })seudo-hexagonal  aspect.  Transparent 
specimens  are  dichroic  or  properly  tri-chroic,  shewing  differ- 
ent tints  (l)lue,  pale-brown,  yellowish)  in  different  directions. 
H  6*5  to  7"5  ;  sp.  gr.  2  5  to  2  7.  Infusible,  or  fusible  only 
on  thinnest  edges.  Bei\i/l  occurs  most  couimonly  in  simple 
or  slightly  modihed  hexagonal  prisms,  and  also  in  masses  of 
columnar  and  granular  structure,  greenish-white,  })ale-green, 
greenish-blue,  emerald-green,  or  yellow,  in  colour.  The 
bright  green  varieties,  coloured  by  a  small  amount  of  Cr'O^, 
form  the  Emerald.  H  7  to  7*5  ;  s])ecific  gravity  2 -06  to 
2-75.  Thin  splinters  become  opaque -white  in  the  blowpipe 
flame,  and  frit  or  fuse  slightly  at  the  extreme  point  ;  but 
unless  the  test-fragment  be  very  sharply  pointed,  and  the 
blast  be  well  sustained,  very  little  sign  of  fusion  is  pro- 
duced. Hence  the  mineral  is  commonlv  regarded  as  in- 
fusible. 

The  feldspars,  Orthorlase  and  Alhite,  fuse  readily  on  the 
edges  if  tested  in  the  form  of  thin  splinters,  and  a  sharply 
pointed  fragment  becomes  quickly  rounded  ;  but  compara- 
tively thick  and  square-edged  pieces,  especially  if  tried  by 
persons  who  have  had  but  little  practice  with  the  blowpipe, 
may  easily  be  regarded  as  infusible.  These  minerals,  there- 
fore, are  inserted  in  both  Table  XI.,  and  in  the  present 
Table, — ail  risk  of  error  in  their  determination  being  thus 
avoided.  They  are  easily  recognized  by  their  broad,  smooth 
cleavage  planes.     These,  in    Orthoclase  meet  at  90°  and  in 


TABLE    XIII.  61 

Alhite  at  93°36'  and  86°24\  OrthocJose  is  Clino-hhombic, 
and  A/bite  Triclinic  in  crystallization,  twinned  forms  in 
both  being  common.*  White,  red,  reddish-white,  light- 
green,  in  colour.  H  6  ;  s]).  gr.  2-5 — 2-65.  See  also,  Table 
XI.,  Group  6. 


TABLE    XIII. 

[Lustre   non-inetallic.     Hardness   insufficient  to   scratch    window- 
glass.     Sapid.  ] 

The  minerals  of  this  Table  are  soluble  in  water,  and  all 
possess  a  distinctly  saline,  bitter,  or  other  taste.  With  the 
exception  of  Rork  S'dt,  they  occur,  as  a  rule,  in  more  or 
less  earthy  crusts,  or  in  minutely  crystalline  efflorescences. 

First  Group  :  Oujing  chlorine  reaction  (i.  e.  azure  colora- 
tion of  flame)  by  fusion  v)itli  phf^aphor'-salt  and  copper 
oxide. 

Rock  Salt  (Na  39-31,  CI.  G0-G9). 

Syhine  (K,  CI). 

Sal  Ammoniac  (Am,  CI). 

Rock  Salt  occurs  chiefly  in  lamellar  masses  with  strongly 
marked  cubical  cleavage,  and  occasionally  in  sub-fibrous  ex- 
amples and  crystallized  in  cubes.  Commonly  colourless,  but 
often  shewing   pale   tints  oF  brown,  green,  violet,  &c.,  and 

*  See  synopsis  of  their  leading  crystal  types  in  the  Mineral  Tables  attached  to 
the  author's  "  Blowpipe  Practice,"  pages  253  to  255. 
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some3times  deeply  coloured,  as  bright  red  or  brownish-purple. 
H  2  ;  sp.  gr.  2'1.  BB,  geuerally  decrepitates,  coloui-s  the 
flame  strongly  yellow,  melts,  and  in  prolonged  heat  sublimes. 
Sylvine  (comparatively  i-estricted  in  its  oecuj'rence)  closely 
resembles  R'>ck  Snlt,  but  colours  tlie  blowpipe-flame,  or 
Bunsen-flame,  violet.  S<d  Amnion inc  occurs  in  colourless 
greyish  or  brownish  crusts,  or  at  times  in  tra))ezohedrons 
and  other  related  forms  (usually  much  distorted),  on  lava 
and  other  volcanic  rocks.  Also  in  small  quantities  in  many 
coal-i)its.  BB,  volatilizes  without  fusing,  the  evolved  fumes 
giving  out  a  strong  ammoniacal  odour. 

^'*:^  See  also  the  carbonates  of  CJroup  4,  below,  these  being  often 
mixed  with  sodium  chloride. 

Second  Group  : — ColnariiKj  the  blow  pipe-flame  (or  Bunsen- 
flame)    distiiicthj   (jreen,    >f  moistened    with   a   drop   of 
sulphuric  acid  or  gh/cerine, 

Sassohne  (Boracic  Acid,  B^O^  H=0). 

Borax  or  Tmkal  (Na=0,  B"0^  H^'O). 

Sassoline  coloiu's  the  flame  green,  per  se.  It  occurs  in 
small  pearly  scales,  normally  white,  but  often  brownish,  &c., 
from  presence  of  ferruginous  matter.  Fuses  with  intu- 
mescence into  a  hard  clear  glass.  Borax  in  its  crude  state 
( Tinkal)  occurs  in  small  Clino-Rhombic  crystals  and  granular 
masses  of  a  grey  or  brownish- white  colour.  BB,  colours  the 
flame  intensely  yellow,  and  melts  with  strong  intumescence. 
Moistened  with  sulphuric  acid,  or  simply  with  glycerine,  it 
imparts  a  yellowish-green  colour  to  the  flame-border. 
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HIRD  Group  : — Dcjiag rating  when  iynitcil  on  charcoal. 

(K^O,  N^O^). 

Soda  Nitre  (Na^O,  N^O''). 

Nitrocalrltc  (CaO,  N=0^  H^O).        . 

NUromagnciilte  (MgO,  N-^0'',  H=0). 

These  coiii[)Oim(ls  ev^olve  orang(3-recl  or  Ijrowiiish  nitrous 
fumes  when  warmed,  in  powder,  with  a  f(;w  ilrops  of  sul- 
phuric acid.  The  two  tirst  are  anhydrous.  H  1  -5  to  2. 
Nifrr  or  S'llfpetrc  crystallizes  in  long  prism-))yraniids  of  the 
Rhombic  System,  and  im))arts  a  violet  colour  to  the  flame- 
border.  Conmionly  found  in  white  or  brownish  incrusta- 
tions. So(/a  Nitre,  also  known  as  Nltratnie  and  ^^hih'-Salt- 
petrc,  crystallizes  in  small,  obtuse  rliom})ohedrons,  but  oc- 
curs generally  in  crystalline  granular  examples  of  a  white 
or  greyish  tint.    It  colours  the  tlame-border  intensely  yellow. 

Whilst  Nitre  and  /S'of/a  Nitre  dissolve  entirely  by  fusion 
with  carb.  soda,  Nitrucahite  and  Nitrornai/uesite  leave  in 
that  reagent  an  undissolved  earthy  mass.  These  latter  sub- 
stances also  yield  10  or  11  per  cent,  water  on  ignition. 
Both  occur  in  greyish-white  crusts  and  efflorescences  on  the 
walls  of  limestone  caverns,  cellars,  kc.  The  white  crust 
left  after  ignition  on  charcoal,  assumes  a  pink  tinge  in  the 
case  of  Nitromaynfsite  after  treatment  with  cobalt  solution. 

Fourth  Group  :  Eff^rve'^cimj  vigorously  with  dilute  acid. 

Natron  (Na^O,  C0^  H2O). 

Trona  (Na"'0,  C0^  H'^0).  -  -         ^     - 

Gaylussite  (Na^O,  CaO,  C0^  H^O).     - 
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Nntran  and  Trouo,  are  entirely  absorbed  by  fusion  on 
charcoal ;  Guylm^Vf  (which  is  only  partially  soluble  in  water) 
leaves  on  the  charcoal  an  earthy  crust.  They  occur  mostly 
in  efflorescent  coatings  and  small  crystalline-gi-anuiar  masses 
of  a  white  or  gnjyish  colour,  more  rarely  in  distinct  crystals 
of  the  Clino-I\hombic  System.  Natron  gives  03  per  cent. 
Wiic^r  on  ignition  ;  Trotif,  22  per  cent.  ;  and  Gai/lusnite,  30 
to  3.  j^er  cent.  They  are  frequently  mixed  with  sodium 
chloride. 

Fifth  Group  :  Formlnq  BB  loifh  curb.  >i<»la  on  charcoal^ 
in  a  reducing  Jiame,  (in  alkaline  sii/jjhidn,  which  imparts 
when  moisfencd  a  dark  i^tain  to  lead  tes'-paper  or  to  a 
silver  coin* 

Anhydrous  suh-jroup  : 

Masca (/ nine  (Amm.  ^O^). 
Glaseritc  (ICO,  SO^). 
Thenardifr  (Na'^0,  S0«). 
Glauherite  (Na'^O,  CaO,  SO"). 

Ilydrated  suhgroup  : 

Mirahilite  (Glauber's  Salt :  Na^O,  SO',  H^O  56  p.c.) 
Epsomite  (MgO,  SOs,  H2O  51  p.c.) 
'       Green   Vitriol  or  Mdantherite  (FeO,  SO^,  H^O  45  p.c.) 


*  As  a  rule,  the  trial  must  be  made  by  a  lamp  or  caudle-flame,  as  gas  fre- 
quently contains  sulphur,  and  this  becomes  communicated  to  the  test  matter. 
Lead  test-paper  is  made  by  steeping  some  filtering  or  wliite  blotting  paper  in  a 
solution  of  acetate  of  lead,  and  drying  for  use. 
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Botnj'ynte  (MgO,  FeO,  BV(^^  ^0\  H'O  20  ]).c.) 

Blur    Vitriol  or  Chalr>ni'hifr  (CuO,  ^0\  WO  :\Q  p.c.) 

Alutn   (K'O    [otteii    replaced   hy    NaH),    Mi,^0,   MuO^ 
FeO,  «kc.,]  AlW,  SO'SH'^0  45-5  p.c.) 

J/uMO^c/ir  (Al-'O^  SO^  il^O  48  ]).c.) 

M(fsc<iij)iiiie,  G/a!i('tif.f,  Thendrdite,  and  (ilhinl)ent<',  do  not 
yield  water  when  i;^Miited  in  a  test-tnbe.  The  three  first 
dissolve  entirely  or  leave  no  residue  when  fused  with  carb. 
soda.  Metier  I guine  volatilizes  with  strong  animoniacal  odour. 
It  occurs  in  white  or  yellowish  crusts  or  niannuillated 
masses  on  certain  lavas.  Glastvite  and  Tkenardite  occur 
also  in  crusts  and  earthy  coatings  of  a  white  or  greyish 
colour.  The  first  colours  the  tiame  violet  ;  the  second,  yel- 
low. Both  melt  readily,  and  are  absorbed  on  charcoal,  but 
sometimes  decrepitate  on  first  ap[)lication  of  the  flame. 
Ghinbf'rite  is  only  }>artially  soluble  in  water,  but  lias  like 
the  other  alkaline  sulphates  a  bitter,  saltish  taste.  Occurs 
in  white,  grey,  reddish  and  other  coloured  crusts,  and  in 
small,  Clino-Rhombic  crystals.  In  carb.  soda  it  is  only  in 
part  dissolved  ;  and  on  charcoal  it  leaves  a  white  earthy 
mass  unabsorbed.  Chiefly  found  in  association  with  rock- 
salt. 

The  sul[)h;i.tes  of  the  second  sub-group  yield  water  on 
ignition  in  a  test-tube  or  bulb-tube.  Mirabilite  (Glauber's 
Salt)  dissolves  entirely  by  fusion  with  carb.  soda.  Per  se  it 
colours  the  flame  intensely  yellow,  and  on  charcoal  is  ab- 
sorbed. Occurs  mostly  in  efflorescent  crusts  on  old  walls, 
&c.  Water-percentage  56.  The  other  species  belonging  to 
this  sub-group,  occur  equally  in  earthy  crusts  and  coatings, 
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or  in  some  cases  in  efflorescences  of  minute  hair-like  crystals 
on  aluminous  shales,  coals,  iron  and  copper  ores,  &c.  Ig- 
nited with  coljalt  solution,  E psom.it e  is  coloured  pale-red  , 
GoslarUe,  bright-green  ;  and  ordinary  Alum  and  Aluwxjene 
briglit-blue.  The  last  occurs  mostly  in  minute  capillary 
crystals  as  an  efflorescence  on  coal  shales  ',  and,  although 
normally  colourless,  is  frequently  greenish  or  brownish  from 
presence  of  Fe'^O^.  It  passes  into  Halolricliife  or  Feather 
Alum..  Green  Vitriol  and  Botrj/0(jene  leave  BB  a  magnetic 
slag,  and  their  solution  gives  a  deep  blue  precipitate  with 
ferricyanide  of  potassium.  Gre,en  Vitriol  is  usually  pale- 
green  in  color ;  B'dryotjene  is  red  or  brownish-yellow,  with 
yellow  streak  ;  and  it  is  only  in  part  soluble  in  water.  Blue 
Vitriol  occurs  in  blue  or  greenish-blue  coatings,  and  occa- 
sionally in  crystalline  examples,  on  copper  ores.  Moistened 
and  rubbed  on  a  knife  blade,  it  coats  the  blade  with  a  film 
of  metallic  copper. 

^*^  See  Polyhallite  (Table  XVIII. ),  w^liich  is  partially  soluble  and 
has  a  slightly  bitter  but  very  feeble  taste.  Chiefly  in  pale-red, 
grey,  and  yellowish,  columnar  and  fibrous  masses.  Ignition  loss 
=  6  per  cent. 

Note  : — Many  other  soluble  or  partially  soluble  sulphates  of 
natural  occurrence  have  been  recognized,  but  most  of  these  are  com- 
paratively rare,  and  many  are  indistinctly  characterized.  See  the 
author's  **  Blowpipe  Practice,"  pages  153  to  158. 
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TABLE   XIV. 

(Lustre  non-metallic.     Hardness  insufficient  to  scratch  glass.     Com- 
bustible. 

The  mineriils  of  this  Table  wheji  held  in  the  form  of  a 
thill  fragment  against  the  flame  of  a  Bimsen  burner  or  com- 
mon candle  immediately  take  fire,  and  continue  to  burn  for 
a  short  time  after  removal  from  the  flame.  The  test  fraf'- 
ment  should  be  taken  up  by  a  pair  of  steel  forceps  (without 

platinum  tips)  and   held  just   within  or  against  tlie  flame- 
border. 

First  Group: — Emitthig  a  gar  lie-odour  durivg  combustion. 
Realgar  (As  70,  S  30). 
Orpiment  (As  61,  S  39). 

Realgar  has  a  red  colour  and  orange-yellow  streak,  and 
is  commonly  in  small  granular  masses  or  Clino-Rhombic 
crystals,  the  latter  as  a  rule  more  or  less  indistinct.  Orpi- 
ment is  golden-yellow  with  pearly  and  sub-resinous  lustre, 
and  light-yellow  streak ;  and  it  occurs  in  foliated,  scalv,  and 
gramdar  masses ;  more  rarely  in  small  prismatic  crystals  of 
the  Rhombic  system.  H,  in  botli,  1-5  to  2.  Both  species 
melt  very  easily,  and  volatilize  in  dense  fumes. 

Second  Group: — Emitting  a  sulphurous  odour  during 

combustion » 
Native  Sulphur. 

Cinnabar  (HgS^|-2,  S  13-8). 

Native   Sulphur   is  yjUow  or  reddish,   with   pale-yei'ow 
streak  and  resinous  lustre.     It  is    commonly  in  granular 
6 
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masses  and  occasionally  in  small  crystals — mostly  acute 
rhombic  pyramids.  Its  sp.  gr,  does  not  exceed  2*1  and  is 
generally  1-9  or  2.  It  melts  into  red-brown  drops  which 
become  pale  yellow  on  cooling,  and  readily  volatilizes. 
Cinnabar  is  commonly  red  in  colour,  but  is  sometimes  red- 
dish lead-grey,  and  occasionally  almost  black  from  admixture 
of  bituminous  matters.  The  streak  is  always  red,  and  the 
sp.  gr.  usually  about  8,  although  somewhat  lower  in  impure 
carbonaceous  varieties  (6"7  to  7*5 ).  BB,  it  rapidly  volatil- 
izes. By  ignition  with  dry  carb.  soda,  iron  filings^  or  other 
reducing  agents  in  a  small  flask  or  bulb-tube,  it  yields  a 
grey  sublimate,  which  runs  into  fluid  globules  when  rubbed 
by  an  iron  wire  or  thin  glass  rod. 

Third  Group:  Emitting  diring  combustion  a,   bituminous 

or  aromatic  odour. 

Bituminous   Coal  (H,  0,0). 
Brown  Coal  or  Lignite  (H,  0,  O). 
Afiphalt  or  Bitum.eii  (li,  0,  O) 
Amb^:r  (H,  C,  0). 

Bituminous  Coaly  Brown  Coal,  and  Ai^phalf,  burn  with 
yellow,  smoky  flame  and  bituminous  odour.  Bituminous  or 
ordinarij  coal  is  more  or  less  distinctly  laminated  in  struc- 
ture, with  alternate  thick  layers  of  solid,  lustrous  coal,  and 
thin  layers  of  soft  black  carbonaceous  matter — known  as 
*'  mineral  charcoal" — in  which  a  distinctly  woody  structure 
is  observable.  Streak  black  ;  sp.  gr.  1*2  to  1*5.  Scarcely 
or  not  at  all  attacked  by  boiling  in  solution  of  caustic 
potash.     Brown  Coal  in  typical  examples  has  a  more  or  lesa 
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distinetlv  ligneous  appearance,  with  V)rown  colour  unci 
brown  streak  ;  but  many  examples  are  laminated,  and  com- 
paratively dense  and  dark  in  colour,  and  thus  pass  into 
ordinary  coal,  from  which  they  differ  chietly  by  occui-ring 
at  a  higher  geological  horizon.  As  a  rule,  however,  they  are 
less  dense ;  and  they  yield  a  lighter  coke,  which  never  presents 
the  fused  agglutinated  character  of  the  coke  yielded  by 
most  examples  of  ordinary  coal.  They  generally  contain, 
also,  more  water,  and  frequently  a  larger  amount  of  "  ash," 
or  mineral  matter.  True  brown-coals  or  lignites  impart  a 
brown  colour  to  a  boiling  solution  of  caustic  potash.  Channel 
coals  and  Jet  are  intermediate  varieties.  Asphalt  or  Bffii- 
mpii  occurs  in  solid,  viscous,  and  liquid  examples,  the  latter 
passing  into  Pffrolnim.  The  solid  varieties  show  a  con- 
choidal  fracture.  Elaterife  is  a  soft,  spongy  variety,  re- 
Bembling  caoutchoue.  A/hcrfite,  a  black,  brittle,  comjmct, 
highly  lustrous  and  inflammable  substance,  is  closely  related. 

Amher  occurs  in  nodular  masses  of  a  deep  or  pale-yellow 
colour  passing  into  yelloA^ish-brown.  H  2  to  l '5  ;  sp.  gr. 
1*0  to  11.  Strongly  electric  by  friction.  Burns  with 
yellow  flame  and  aromatic  odour. 


Various  so-called  "mineral  resins"  {Ozokerite,  I/artite, 
Hatchettine,  Schaererite,  <£'C.)  belong  also  to  tliis  group,  but  are 
comparatively  rare  and  of  little  interest  as  minerals.  They  occur 
mostly  in  soft  wax-like  masses  of  a  yellow  or  brownish  colour,  or  in 
white  pearly  lamime.  See  the  author's  "Blowpipk  Practice," 
pages  132  and  133.  Also  pages  76  to  81,  of  the  same  work,  for  a 
method  of  assaying  coals  by  the  blowpipe. 
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T  A  B  L  E  X  V. 

[Lustre  non-metallic.     Hardness  insufficient  to  scratch  glass.   Eifer- 

vesciug  in  dilute  acid]. 

The  minerals  of  this  Talkie  consist  entirely  of  carbonates. 
The  effervescence  is  most  readily  produced  by  inserting  some 
of  the  substance  (in  a  coarsely  powdered  state)  into  a  test- 
tube,  and  then  covering  it  with  hydrochloric  acid  diluted 
witli  about  au  equal  volume  of  water.  If  the  effervescence 
be  feeble,  the  acid  must  be  gently  warmed  over  a  spirit-lamp 
or  Bunsen-burner.  Fused  with  borax  or  [)hosphor-salt,  a 
vigoi-ous  effervescence  is  also  produced,  from  the  escape 
of  C0\ 

First  Group  : — Entlrelu  .^oluhle  BB  in  carb.  soda.     Per  se, 
colouring  the  flame  green  or  red. 

The  test  may  be  made  by  fusion  with  carb.  soda  on  plati- 
num wire  or  on  charcoal.  In  thti  latte»'  case,  the  whole  of 
the  test-matter  is  absorbed  ;  but  the  complete  solution  of  the 
substance  is  perhaps  better  seen  in  a  loop  of  platinum  wire, 
before  the  fused  bead  solidifies.  If  any  lime  be  present  in 
the  bead,  it  remains  undissolved. 

Witherlte  (BaO,  CO^). 
Strontlanlte  (jBlTO,  CO^). 

With  Wither  iff  J  the  point  and  border  of  the  blowpipe- 
flame  is  coloured  apple-green;  with  Strontianite,  carmine-red 
— the  coloration  coming  out  most  vividly  after  prolonged 
ignition  of  the  test-fragment.  Withe  rite  fuses  readily  into 
a  clear  glass  which  becomes  opaque  on  cooling :  if  it  contain 
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MnO,  the  glass  is  pale  bliieish-green.  Sfroutianilf  forms 
BB  a  cauliflower-like  mass,  the  separate  ends  of  which  fuse 
upon  the  edges.  Both  species  occur  in  crystals  of  the 
Rhombic  System,  but  moi-e  commonly  in  fibrous,  columnar, 
granular,  and  other  uncrystallized  examples.  In  Withe/  de, 
the  sp.  gr.  equals  4*2  to  4*4  ;  in  Sfrontlanite,  3G  to  3*8. 

^*^  Alslonlte  (  =  Bromlife)  and  Barijto-calcHc,  are  compounds  of 
BaO,  CO^,  and  OaO,  CO"'.  They  colour  the  blowpipe-fiamc  pale- 
green,  but  are  only  partially  soluble  by  fusion  in  carb.  soda.  Average 
sp.  gr.  3 '7.  Some  examples  of  Strontianite,  also  contain  a  small  per 
centage  of  CaO. 

Second  Group  :    Ylel<llii<j,  BB,  on  charcoal^  mefa^Uc  ylobules 

{Co/^prr  or  Lead). 

Mfhrkite  (OuO,  002,  H^O). 
Azurife  (CuO,  C0^  H'^0). 
Cermsife  (PbO,  CO'). 

These  minerals  are  easily  reduced  per  sn,  but  the  reduction 
is  rendered  still  more  easy  by  mixing  the  test-matter,  in 
powder,  with  some  carb.  soda. 

M'llacfiUe  and  Azurite  are  copper  carbonates — green  and 
blue,  respectively,  in  colour.  Both  yield  water  on  ignition. 
The  hydrochloric  acid  solution  is  rendered  deep  blue  by 
ammonia,  used  in  sufficient  quantity.  Malarhlle  is  commonly 
in  botryoidal  and  fibrous  masses,  and  is  often  zoned  in  deep 
and  light-green  tints.  Azurite  is  chiefly  in  gi-oups  of  rich 
blue  (Clino-Rhombic)  crystals.  Both  occur  also  in  eartliy 
coatings  or  "  blooms"  on  copper  ores  and  copper-holding 
rocks.  ^  *  • 
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( 'erussife  is  a  lead  carl^onate,  either  colourless,  or  greyish, 
&c.,  and  sometimes  nearly  black  from  incipient  conversion 
into  PbS.  It  presents  a  peculiar  vi  'eo  adamantine  lustre, 
and  occurs  in  massive  and  crystallized  examples.  The 
crystals  belong  to  the  Rhombic  System,  and  are  frequently 
in  cruciform  and  stellate  groups.  8p.  gr.  6 '5,  Exceedingly 
brittle. 

Third  Group:   Bec-'mimj  mayndic  after  ignition,  or  form- 
ing a  turquoise-enamel  bt/  fns'on  with  carb   sofhi. 

Siderife  or  Sp<(fh>c  Iron  (FeO,  CO'  but  part  of  the  FeO 
often  replaced  by  MnO,  tfec.) 

Ank'^rife  (CaO,  MgO,  MnO,  FeO,  00'^). 
Rhodochrosite  or  Mangtnif'ne  Spar  (MnO,  00^). 

These  carbonates  are  placed  together  because,  from  the 
vicarious  relations  of  the  monoxides  FeO,  MnO,  MgO,  CaO, 
(fee,  they  often  give  similar  reactions.  Examples  of  Siderite 
and  Ankerite  thus  frequently  give  a  strong  reaction  of  man- 
ganese, and  some  examples  of  Rlunhchro^ite  (=  DiaU'iyife) 
become  magnetic  after  ignition. 

Siderite  or  Spathic  Iron  Ore  occurs  under  various  condi- 
tions, chiefly  in  groups  of  nearly  colourless,  yellow,  and 
yellowish-brown  rhombohedrons  (often  with  curved  faces)  in 
many  mineral  veins  ;  in  fibro-botryoidal  masses  and  small 
spherical  concretions  of  a  dark-green  or  brownish  colour 
(  =  Spherodderife)  in  basaltic  rocks  ;  in  pisolitic  examples 
in  various  Mesozoic  formations  ;  and  in  nodular  masses  and 
layers  (often  very  impure,  or  mixed  with  earthy  and  carbon- 
iferous matter,  and  partially  changed  into  brown  ircm  ore) 
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in  coal  strata  generally.  The  latter  variety,  known  as  clay 
iron  ore,  &c.,  yields  a  large  part  of  the 'iron  of  commerce. 
The  nodules  when  split  open  generally  shew  the  impression 
of  a  fern  frond  or  other  organic  body.  Sp.  gr.  of  Siderite 
generally,  3*7  to  4-1.  Anker ite  is  connected  with  Std'rite  by 
many  intervening  varieties,  and  can  scarcely  be  distinguished 
from  the  latter  except  by  its  lower  sp.  gr.  (  =  2-9  to  3 '3)  and 
by  the  interfacial  angles  of  its  rhombohedral  crystals.  (The 
angle  over  a  polar  edge  in  normal  Siderite  equals  107°  ;  iti 
Ankerite,  106°  12').  The  presence  of  a  large  amount  of 
lime  in  Ankerite  is  also  more  or  less  characteristic*  Both 
species  blacken  on  ignition  and  become  magnetic. 

Rhodochrosite,  also  known  as  Diallogite  and  Manr/rniesc 
Spar,  is  connected  witli  Siderite  by  varieties  of  passage, 
more  especially  by  the  variety  of  the  latter  known  as  Oligon 
Spar.  Typically,  Rhodochrosifei^  of  a  pale-red  or  rose-pink 
colour,  and  is  commonly  found  in  botryoidal  and  lamellar 
masses,  more  rarely  in  small  rhombohedrons.  It  weathers 
brown.  Blackens  on  ignition,  and  forms  with  carb.  soda 
BB  a  green-blue  turquoise  enamel.     Sp.  gr.  3*3  to  3-G. 


*  The  presence  of  lime  is  easily  determined  as  follows  :  Dissolve  the  test-sub- 
stance in  hydroclorio  acid ;  add  a  few  drops  of  nitric  acid,  and  boil  (to  convert  FeO 
into  Fe^OS) ;  then  dilute,  and  add  ainmouia :  this  precipitates  the  Fe^QS,  Filter,  add  a 
little  more  ammonia  to  the  filtrate,  and  then  some  amm.  oxalate;  this  throws  down  the 
lime.  Finally,  to  detcnuino  magnesia,  filter  from  tlie  lime  j>recipitate,  and  test  with 
sodium  phosphate.  Care  must  of  course  be  talien  to  see  in  each  case  that  the  i)re- 
cipitation  ig  complete.  Lime  is  also  easily  detected  by  a  small  sjtectroscope.  See 
Blowpipe  Practice,  p.  55. 
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Fourth  Group  :  Assumiug  a  lijht-gieen  colour  ofttr  ianition 

'with  cobalt  so/.u(ion. 

Smithsonite  or  Zmr.  Spar  (ZnO,  QO"^) 

This  mineral  is  the  only  representative  of  the  ])resent 
group.  It  occurs  chiefly  in  botryoidal  and  incrusting 
masses,  and  in  aggregations  of  small  rhombohedrons,  cither 
colourless  and  vitreous,  or  yellowish-grey,  brownish,  &c., 
and  opaque.  It  readily  scratches  other  carbonates  and  even 
fluor  spar.  H  :=  5  ;  sp.  gr.  4  to  44.  Yields  BB  with  a 
mixture  of  carb.  soda  and  borax,  a  sublimate  of  ZnO — 
lemon-vellow  whilst  hot  and  white  when  cold,  and  becoming 
liiirht-rrreen  after  iiijnition  with  cobalt  nitrate.  The  saturated 
borax  bead  becomes  opaque  on  cooling  or  when  flamed. 

Fifth  Group  :  Shewing  alkaline  reaction  after  ignition,  but 
not  giving  reactions  of  preceding  groups. 

A  small  fragment  must  be  strongly  ignited  on  charcoal  or 
in  the  platinum-tipped  forceps ;  placed  when  cool  on  a  slip 
of  red  litmus-paper  ;  and  moistened  with  a  drop  of  distilled 
water  :  a  blue  spot  will  appear  beneath  and  around  the 
test-matter.  The  saturated  borax  bead  becomes  opaque  on 
cooling  or  by  flaming—  i.  e.,  by  subjection  to  an  intermittent 
flame. 

Calcite  (CaO  56,  CO'^  44). 

Dolomite  (CaO,  MgO,  CO^). 

Magnesite  {MgO,  CO^). 

Arragonite  {C'dO,  00'^). -  /- . 
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Oalcite,  Dolomite,  and  Magnesite,  are  rlionibohedral  carbon- 
ates, closely  related  to  Anker ite^  Siderite,  and  lihodochrositey 
and  frequently  ])assinir  into  tliese  by  intermediate  varieties 
(Breunerite,  Rceperite,  kc.)  Calcite  occurs  especially  in 
rhomboliedrons  and  scalenohedrons,  obtuse  and  acute,  in 
combinations  of  six-sided  prism  and  rhombohedron  (nail- 
headed  spar,  &c.),  in  cleavable  lamellar  exainjdes,  and  in 
numerous  massive  or  rock  varieties  of  granular,  oolitic,  and 
other  texture.  BB,  infusible,  but  glows  strongly,  and  after 
prolonged  ignition  imparts  a  distinct  red  tinge  to  the  flame- 
border.  Cleavage  rlionibohedral  (with  angle  of  105°  5'  over 
polar  edges)  strongly  pronounced.  Sp.  gr.  2G  to  2-8.  Com- 
monly white  or  colourless,  but  also  variously  tinted.  Trans- 
parent rhomboliedrons  (  =  Iceland  spar,  ttc.)  shew  double 
refraction  in  a  marked  degree  wh(^n  placed  across  a  thin 
line  in  the  direction  of  their  longer  diameter.  Dolomite 
closely  resembles  Calcite  (but  with  angle  of  106°  15'  over 
polar  edge  of  its  common  and  cleavage  rhombohedron)  and 
like  the  latter  it  occurs  crystallized,  massive,  cfec,  and  in 
rock  varieties.  Dissolves  feebly,  as  a  rule,  in  cold  acid,  but 
briskly  when  the  acid  is  warmed.  Frequently  brown 
(whence  "  brown  spar "  )  from  some  of  its  MgO  being  re- 
placed by  FeO.*  Sp.  gr.  2-8  to  3.  Magne^site  is  less  com- 
mon than  the  preceding,  but  closely  resembles  Dolomite  in 
efi'ervescing  somewhat  feeljly  in  cold  acids.  The  rhonibo- 
hedral  angle  equals  107°  16'  to  107°  29'.  It  occurs  com- 
monly, however,  in  massive  examples.  Sp.  gr.  2*8  to  31. 
White,   yellowish,   grey,    &c.,    in   colour.     The   powder  (in 


'*  For  the  detection  of  CtiO,  MgO,  and  FeO  (if  present)  see  the  preceding  foot- 
note, page  73.  ,  . 
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pure  examples)  becomes  distinctly  reddened  after  ignition 
with  cobalt  solution. 

Arratjoniti'  lias  the  same  composition  as  Calcite,  but 
crystallizes  in  Rhombic  forms  (often  iu  twins  of  marked 
pseudo-hexagonal  aspect),  and  differs  also  slightly  by  its 
greater  hardness  (3 "5  to  4  in  place  of  3),  and  by  its  some- 
what higher  sp.  gr.  (2 "7  to  3),  Occurs  frequently  crystal- 
lized, and  also  in  fibrous  and  coralloidal  examples  of  a 
white,  pale-yellow,  brownish-violet,  and  other  colour.  In- 
fusible, but  generally  falls  into  powder  on  ignition.  Effer- 
vesces strongly  in  cold  acids. 

J^^  See  also  Barylo-Cakite  and  Alsionite,  infusible  carbonates, 
colouring  the  flame  pale-green,  and  possessing  an  average  sp.  gr. 
of  .3-7. 


TABLi:    XVI. 

[Lustre   non-metallic.      Hardness    insufficient  to   scratch   glass. 
Yielding  BB  on  charcoal  a  garlic-Hke  odour.] 

Group  1  :    Yieding  BB  on  charcoal  a  si/ver  gluhuJe.     Colour 

and  streak,  deep-red. 

Prousfifc  or  Light-Red  Silver   Ore  (Ag  Q^,  As  15,  S  19). 

This  mineral  has  a  strong,  adamantine  lustre,  and  is 
commonly  more  or  less  transparent.  H  2*5 ;  sp.  gr.  5*4  to 
5"6.  Fusible  per  .sr,  if  held  at  the  side  of  a  Bunsen  or 
candle-flame,  without  the  aid  of  the  blowpipe.  The  reduced 
globule,   as  obtained    BB    on    charcoal,   retains  its   bright 
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surface  in  an  oxidatiiij,'  flame.  As  an  additional  proof  that 
it  consists  of  silver,  it  may  be  fused  with  a  piece  of  pure 
lead,  and  then  cupelled. 

Group  2.  Yi'ldiiuj  BB  on  chnrconla  gh/hide  of  reduced  load : 
Mimetrsite  (PbO,  As'0%  PbClO. 

This  mineral  is  isomorphous  with  P/y/omorphife,  the 
chloro-phosphate  of  lead.  G-enerally  yellow,  orange,  or 
brown  ;  more  rarely  grey  or  colouidess.  Mostly  in  globular 
or  barrel-shaped  crystals  of  high  sj).  gr.  (7  to  7 '3).  This 
latter  character  is  especially  distinctive.  Fused  in  the  for- 
ceps, the  lead  crystallizes  over  the  surface  on  cooling,  but 
on  charcoal  it  becomes  reduced,  a  yellow  ring-deposit  form- 
ing also  on  the  support.  With  phosphor-salt  and  copper 
oxide,  it  produces  an  azure-blue,  co[)per-chloride  flame. 

Group   3.    yielding  BB  on  charcoal  a  magnetic  daij  or  head. 
Pharmacosiderite  or  Cube  Ore  (Fe^O',  As'^Os,  H^O;. 
Scorodite  (Fe^O',  As^O^  H-^0). 

These  ferruginous  arseniates  yield  a  considerable  amount 
of  water  on  ignition  in  the  bulb-tube.  The  first  nearlv  17, 
and  the  second  nearly  16  per  cent,  /^hftrmacosiderite  occurs 
essentially  in  very  small  cubes  with  a  triangular  plane  on 
each  alternate  angle  (  =  cube  and  tetrahedron),  dark-green 
or  yellowish-brown  in  colour,  and  mostly  in  drusy  aggrega- 
tions. Scorodite  occurs  in  fibrous  examples,  or  in  groups  of 
thin  pyramidal  or  prismatic  crystals,  of  a  dark-green  or 
blackish-blue  colour,  passing  into  reddish-brown. 
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*Gkoup  4.  PioducliKj  when  iwnHtencd  with  hj/(frorhloric  acid 
an  azure-ldue  (^coppcr-chloruU'^  Jtame.  Qi'ving  also, 
nflar  rodstuiff,  s^trong  opprr  na<iions  with  borax. 
Co/ou/'f  f/nen  or  blue, 

OUvati.tr  (CuO,  As'^0^  H'^O). 
Erinite  (Clio,  As'^()5,  H'^0). 
C/inodasr  (CuO,  4sH)»,  IVO). 
uchroite  (CuO,  AiiH)\  WO). 
Tiroliti'  (CuO,  As30^  WO;  CuO,  C()2). 
Chalrophj/'litc  (CuO,  As'()5  A'^0). 
Liroconite  (CuO,  As'^0^  H-'O  ;  AFO^  P^O^)  ^ 

These  liydratod  co})per-arseniates  may  be  se[)arated  (as 
regards  determination)  into  two  sub-groups.  In  the  first, 
comprising  Olivetn'tf,  Erinite,  and  Cliitodase  (Strahler/),  the 
amount  of  water  yielded  on  ignition  is  considerably  under 
10  per  cent. — viz.,  a  little  over  3  per  cent,  in  Olivenite, 
5|  per  cent,  in  Erinite,  and  just  7  per  cent,  in  CUnoclase. 
In  the  second  sub-group  the  water  aveiages  about  20  per 
cent.,  varying  in  the  different  species  from  18*7()  {Euchroite) 
to  from  *20  to  25  per  cent.  {'firolUe,  Chalcophyllite,  Liro- 
conite). Without  determining,  therefore,  the  actual  per- 
centage of  water,  the  operator  will  readily  see,  by  the 
small  or  large  amount  of  moisture  deposited  in  the  tube, 
to  which  sub-group  the  test-mineral  belongs.  When 
ignited  on  charcoal,  most  of  these  arseniates  detiagrate  ; 
and  all  yield  by  quick  fusion  a  light  or  dark  grey, 
brittle,  arsenical  globule,  which  commonly  shews  a 
radiated  or  crystallized  surfjice  on  congealing.  They  are 
also  readily   attacked    (in  fine   powder)   and   entirely  or  in 
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greiit  })ait  dissolved,  by  strong  ammonia,  foiming  a  deep 
blue  solution.  Tirolite,  however,  leaves  a  residuum  of  CaO, 
CO'*  ;  and  white  flecks  of  Al^O  separate  from  Liroconite, 
Apart  from  tliese  distinctions,  the  separate  species  are  not 
always  of  easy  determination  without  complete  analysis,  but 
the  following  is  a  com})arative  summary  of  th(^ir  more  sali- 
ent characters  : 

OUvenite  and  Clinoclase  are  dark-green,  often  blackish- 
green  ;  the  first.  Rhombic ;  the  second,  Clino-Rliombic,  in 
crystallization  ;  but  whilst  OUvenite  is  commonly  in  small 
crystals  (resembling  in  general  shape  those  of  the  common 
basaltic  augites),  Clinoclase  is  most  frequently  in  radio- 
fibrous  exami)les,  whence  its  German  name  of  ''  Strahlerz." 

EHnite,  Eurhroite,  and  Chalcophyllite,  are  mostly  of  a 
bright,  emerald-green  colour.  The  latter  occurs  essentially 
in  tabular,  micaceous  examples  (whence  its  popular  name  of 
"copper  mica"),  and  it  is  thus  easily  recognized.  Erinite  is 
chiefly  in  small  rounded  masses  of  concentric-scaly  structure, 
and  is  harder  than  other  cupreous  arseniates,  being  equal  in 
hardness  to  fluor-spar,  or  even  slightly  harder  than  that 
mineral.  Euchroite  is  commonly  in  small,  thick,  vertically- 
striated  crystals  of  the  Rhombic  System. 

Tirolite  and  Liroconite  are  light-green  or  light-blue  in 
colour.  The  first  occurs  mostly  in  mamillary  radio-fibrous 
examples,  and  it  effervesces  in  acids  from  the  presence  of 
CaO,  00^.  Liroconite  is  essentially  in  small  prismatic  crys- 
tals. See  also  the  action  of  ammonia  on  these  arseniates,, 
as  described  above. 
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Group  5 — Yielding  a  rich-blue  glass  by  fusion  with  borax. 
Colour  rose-red  or  light-green. 

Erythrine  or  Cobalt  Bloom  (CoO,  As'O^  H"'0). 
Boselite  (CoO,  CaO,  MgO,  As\)^  H^O). 
Annabergite  or  Nickelgreen  (NiO,  CoO,  As'^0^,  H^O). 

Erythrine  and  Roselite  are  of  a  rose  or  peach-blossom  red 
colour.  Annabergite  is  apple-green.  Tlie  two  first  become 
blue  on  ignition  in  a  narrow  test-tube  or  bulb- tube, — Ery- 
i/mneyieldi'ig  24  per  cent.,  and  Roselite  8*20  percent,  water. 
The  first  occurs  chiefly  in  thin,  prismatic  crystals  (easily 
cleavable  in  one  direction)  and  in  flat-fibrous  or  bladed  ex- 
amples. Roselite  is  principally  in  rounded  aggregations  of 
small,  indistinct  crystals.  Both  occur  also  in  earthy  efflo- 
rescences. 

Annabergite,  distinguished  from  the  above  by  its  light- 
green  colour,  is  essentially  a  nickel  ar^eniate,  but  almost 
invariably  contains  a  small  amount  of  cobalt  arseniate,  and 
thus  gives  a  blue  glass  by  fusion  with  borax.  It  occurs 
mostly  in  acicular  crystals  and  effloi-escent  coatings  on  nickel 
ores.  Forms  a  green  solution  in  hydrochloric  acid,  which 
becomes  blue  on  addition  of  ammonia  in  excess. 

Group  6 — Colour  esseittially  white. 
Fharmacolite  (CaO,  As20^  H^O). 

This  is  the  only  mineral  of  general  occurrence  belonging 
to  the  present  group.  It  occurs  chiefly  in  acicular,  fibrous, 
and  efflorescent  examples ;  sometimes  in  small  pearly  crys- 
tals of  the  Clino-Rhombic  System,  Easily  fusible.  Yields 
about  24  per  cent,  water  on  ignition.  . 
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TABLE   XVIL 

[Fusible  or  reduci])le  on  charcoal.     Streak-powder,  coloured.] 

First  Group  :  Partly  or  loholly  volatAlizahle  with  emission 
of  antiiiwnial  fumes.     Streak,  red. 

P yrargyrite  ov  Dark-Red  Silver  Ore  (Ag,  Sh,  S). 

Kermesite  (Sb•^S^  ^WO^). 

These  minerals  exhibit  in  most  examples  a  sub-metallic 
lustre.  Both  melt  without  the  aid  of  the  blowpipe  if  held 
in  the  form  of  a  small  fragment  against  the  edge  of  a  candle 
or  Bunsen  flame.  On  charcoal,  they  give  a  dense-white 
antimonial  sublimate  or  ring-deposit  :  Kermesite  volatili- 
zing entirely,  and  P yrarg yrite  yielding  a  large  globule  of 
silver.  Kermesite  occurs  in  groupy  of  acicular  crystals  or  in 
small  rf'.dio-fibrous  tufts,  mostly  accompanying  Antimony 
Glance.  Pyraryyrite  is  chiefly  in  cleavable  masses,  and  in 
Hexagonal  or  Rhombohedral  crystals,  of  a  dark  blueish-red 
colour  passing  into  dark  lead-grey.  Sp.  gr.  5*7  to  5-9.  It 
often  emits  an  arsenical  odour  on  ignition,  from  the  presence 
of  As^S^,  the  latter  partly  replacing  Sb^S^ 

See  also,  Cinnabar  (Table  XIV). 

Second  Group  :  yon-volatile  on  ignition.     Colour,  dark  or 
bright  red,  with  red  or  orange  streak. 

Cuprite  or  Red  Copper  Ore  (Cu*0;. 
Crocoisite  or  Lead  Chroma*e  (PbO,  CrO^). 

Cuprite  is  dark-red  or  blueish-red  in  colour,  with  red  streak, 
but  the  colour  is  often  obscured  by  a  coating  of  green  car- 
bonate.    It  occu-^'s  in  cleavable  masses,  and  very  commonly 
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in  small  octahedrons  and  rhoml)ic  dodecaliedrons.  Sp.  gr. 
5 '7  to  (').  Easily  reduced  BB  to  inetallic  copper,  colouring 
the  flame  deep  green. 

Crocoisite  has  a  briglit-red  colour  and  orange-yellow  streak. 

It  occurs  in  groups  of  more  or  less  acicular  Clino-llhom- 
bic)  crystals,  and  in  small  flaky  masses  and  coatings.  Sp. 
gr.  5-9  to  G.  BB,  decrepitates,  blackens,  and  becomes  re- 
duced to  metallic  lead.  With  borax,  forms  an  emerald-green 
glass.  With  hydrochloric  acid,  causes  the  evolution  of 
chlorine  fumes. 

*^  See  also  PluenicUe  (a  lead  chromate  with  red  streak,  often  in 
fi])rous  masses  accompan^'ing  ('rocoisitc)  ;  and  Minium  or  Red  oxide  of 
had  (mostly  in  earthy  crusts  with  orange-yellow  streak).  Both  cause 
the  evolution  of  chlorine  when  warmed  with  hydrochloric  acid,  and 
both  are  easily  reduci])le  )i\^  on  charcoal  ;  but  Minium  gives  no 
green  glass  by  fusion  with  borax  or  phosphor-salt. 

*^  Sec  also  (Table  XIX)  Red  Iron  Ore  and  Brown  Iron  Ore,  which 
fuse  on  thin  edges  in  a  reducing  flame,  and  become  magnetic. 

TiiiuD  Group  :  Colour  and  streak,  black  or  brownish-blacky 
giving  BB,  strong  copper-reactions. 

Mclaconite  (CuO). 

This  is  the  only  mineral  of  ordinary  occurrence,  referable 
to  the  present  group.  It  occurs  in  more  or  less  earthy 
masses,  and  in  pseudomorphs  after  Cuprite.  On  charcoal, 
easily  reduced  to  metallic  copper.  The  name  Tenorite  is 
bestowed  upon  the  same  compound  from  Vesuvius,  but  this 
presents  a  distinctly  metallic  or  sub-metallic  aspect.  It 
occurs  in  small  hexagonal  plates  and  scales  of  an  iron-black 
or  steel-grey  colour. 
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Fourth  Group  :  Colour  green,  paler  in  the  streak.  Yielding 
water  on  ignition,  and  giving  BB,  with  curb,  soda  on 
charcoal,  a  copjjer  globule. 

Atacamite  (CuC^^  CiiO,  H^O). 

Brochantite  (CiiO,  S0\  H2O  12  to  15  %). 

Libethenite  (CiiO,  P-()^  H'^0  4  %). 

Phosphorchalcite  (CuO,  F'0\  WO  8  %). 

EhUte  (CuO,  P'^0^  H^O  9  %). 

Tagilite  (CuO,  P^O\  H'^0  10-5  %). 

Chalcolite  or  Copper-UranUe  (CuO,  U'^O^,  P'O^,  H^O   15 
to  16%). 

Atacaynite  is  a  cupreous  oxy-chloride,  and,  as  such,  it 
colours  the  blowpipe-flame  bright  azure-blue.  Occurs  in 
small  rhombic  crystals,  and  in  grains,  of  a  rich  green  colour. 
Atlacite  is  this  substance  partly  converted  into  carbonate, 

Brochantite  is  a  copper  sulphate,  and  thus  forms  by  fusion 
with  carb.  soda  on  charcoal  an  alkaline  suljdiide,  which  pro- 
duces I  dark-brown  or  black  stain  when  moistened  and  laid 
on  a  silver  coin.*  All  the  other  minerals  of  the  group  are 
phosphates.  Their  nitric-acid  solution  when  warmed  with  a 
few  particles  of  amm.  molybdate  gives  a  canary-yellow  pre- 
cipitate. Libethenite  is  dark  olive-green  or  blackish-green, 
and  occurs  commonly  in  grou[)3  of  small  rhombic  crystals, 
isomorphous  with  the  cupreous  arseniate  Olivenite.  Its 
ignition  loss  does  not  exceed  4  per  cent.  Fhosphorchalcite, 
Ehlite  and  Tagilite  are  of  an  emerald-green  or  clear-green 

•  The  trial  should  be  made  with  an  oil  or  candle  flame,  as  coal-gas  often  contains 
sulphur,  and  imparts  thi^to  the  test-matter  when  the  fusiou  is  effected  by  a  modi 
fled  Bunsen  burner. 

7 
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colour.  They  occur  mostly  in  groups  of  very  small  and 
more  or  less  indistinct  crystals  (Rhombic  or  Clino-Rhombic), 
and  in  radio-tibi'ous,  mam  mi  Hated,  and  earthy  examples. 
Ehlite  is  especially  distinguished  by  its  easy  cleavage  in  one 
direction,  and  its  more  or  less  bladed  structure.  Chalcolite, 
the  copper-uranium  ])hosphate,  is  also  easily  cleavable  in  one 
direction,  tmd  it  presents  a  rich  emerald-green  colour,  with 
pearly  lustre  on  the  cleavage  plane.  As  a  rule,  it  is  readily 
distinguished  from  the  coj)per  phosphates  proper,  by  the 
S(piare,  tabular  crystals  and  broad  leafy  masses  in  which  it 
commonly  occurs ;  as  well  as  by  its  high  ignition-loss, 
amounting  to  over  15  per  cent. 

Fifth  Group  :  Colour  yellow  or  yellowish-green,  with  pale- 
yellow  streak.      Yielding  water  on  ignition. 

Uranite  or  Aidunite  (CaO,  U^O^,  H-0  15  to  19  %). 

This  is  the  only  mineral  of  ordinary  occurrence  referable 
to  the  present  group.  It  occurs  in  small  tabular  crystals 
(of  Tetragonal  aspect),  and  in  leafy  masses,  very  easily 
cleavable  in  one^  direction — the  cleavage-plane  shewing  a 
pearly  lustre,  as  in  the  copper-uranium  phosphate,  Chalcolite. 
Easily  fusible  into  a  dark  bead.  Forms  with  j)hosphor-salt, 
BB,  a  yellowish-green  glass  in  the  O.  F.,  and  a  bright  chrome- 
green  glass  in  the  B.  F. 

Sixth  Group  :  Colour  indigo-blue  or  blueish-green.     Fusible 
on  charcoal  into  a  magnetic  globule. 

Vivianite  (FeO,  Fe^O^  ¥'0'',  H^O  28  %). 

The  above  is  the  only  mineral  of  common  occurrence 
belonging    to   this   gioup.     (For   related    iron    phosphates, 
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mostly  yellow  or  brown  in  colour,  see  the  autlior's  Blowpipe 
Practice,  page  165.) 

Vivianite  is  normally  colourless,  but  always  presents  a 
blue  or  greenish-blue  colour  by  the  FeO  becoming  rapidly 
changed  in  pare  into  sosqiiioxido.  The  streak  is  nearly  colour- 
less, but  quickly  becomes  pale-blue.  Examples  are  com- 
monly in  fibrous  and  bladed  masses,  with  marked  cleavaire, 
shewnig  pearly  lustre,  in  one  direction.  Earthy  examples 
are  also  common,  and  groups  of  small  clino-rhombic  crystals 
occur  at  some  localities.  In  the  bulb-tube  it  swells  up,  red. 
dens,  and  yields  a  large  amount  of  water.  Fuses  BB  into 
a  majjfnetic  clobule. 


* 


See,  also,  Cldorite  (Table  XVIII.),  which  fuses  on  the  edges, 
in  some  examples,  into  a  dark,  magnetic  slag.  Commonly  in  dark, 
green,  soft,  foliated,  scaly,  or  scaly-compact  masses,  with  in  some 
cases  a  distinctly  greenish  streak. 
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[Reducible  or  more  or  less  distinctly  fusible.     Streak,  uncoloured.] 

First  Group  :    Reducible  and  volatilizable  on  charcoal,  with 
deposition  of  a  dense  white  coating  on  the  support. 

Valentinite  {^h''0% 
Senarmontite  (Sb'-^O^). 
Cervantiie  (Sb'^0^  Sb^O^). 
Antimony  Ochre  (Sb^O^  H^O). 
Stiblite  (Sb20^  Sb20^  H^O). 

The  minerals  of  this  group  are  comparatively  unimportant. 
They  occur  mostly  as  white  or  yellowish  incrustations  on 
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Antimony  Glance  and  otber  untimonial  sulphides.  Valeri- 
tinite,  which  contains  83^  per  cent,  antimony,  occurs  also 
in  aciciilar  or  small  tabular  crystals  of  the  Rhombic  System  j 
sp.  gr.  5 '3  to  5 '6.  BB,  becomes  yellow,  melts  very  easily, 
and  volatilizes.  Senamiontite  has  the  same  composition 
and  general  asj)ect,  but  crystallizes  in  regular  octahedrons, 
mostly  with  curved  faces.  Both  sublime  readily  by  ignition 
in  the  bulb-tube. 

Cervantite  is  a  combination  of  antimonious  and  antimonic 
acids,  and  although  reducible  (and  then  volatilizable)  on 
charcoal,  es[>ecially  if  mixed  with  carb.  soda,  it  does  not 
fuse  2?er  se,  and  is  not  volatilized  in  the  bulb-tube.  Yellow, 
yellowish-white ;  sp.  gr.  4. 

Antlmonij  Ochre  and  Stihlite  much  resemble  the  above, 
but  yield  water  on  ignition.  Occur  essentially  in  earthy 
incrusting  examples  of  a  yf)]low  or  yellowish-white  colour, 
and  occasionally  in  pseudomorphous  crystals  derived  from 
Antimony  Glance.  Am  many  Ochre  fuses  easily ;  Stihlite  is 
infusible,  but  becomes  redu«  id  on  charcoal. 

Second  Group  :  Yielding  per  se  or  with  caro.  soda  on  char- 
coal, metallic  globules,  and  depositing  ( Kerargyrite 
excepted)  a  yellow  coating  on  the  support. 

Kerargyrite  (AgCl). 

Pyromorphite  (PbO,  V0\  PbCP). 

Anglesite  (PbO,  SO^). 

Wul/enite  (PbO,  MO^). 

iStolzite  (PbO,  WO^). 

,  Eulytine  (BiW,  SiO^). 

KerargyHte  and  Pyromorphite  produce  a  strongly-marked 
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chlorine  reaction,  i.  e. ,  an  azure-blue  coloration  of  the  flame- 
point,  when  fused  with  phosphor-salt  and  copper  oxide  ;  or 
with  phosphor-salt,  alone,  in  a  loop  of  copper  wire.  Kerar- 
gyrite,  commonly  known  as  *'  Horn  Silver  Ore,"  is  easily 
distinguished  by  the  large  globule  of  silver  which  it  yields 
BB  on  charcoal.  It  occurs  commonly  in  waxy-looking,  very 
Kectile  examples  of  a  violet-brown,  grey  or  greenish  colour. 
H  1  to  1 '5  ;  sp.  gr.  5-6.  Sometimes  mixed  with  AgBr  and 
Agl,  when  the  flame-point  is  coloured  more  or  less  green. 
Pyromorphite  occurs  chiefly  in  hexagonal  prisms  (sometimes 
acicular  and  often  barrel-shaped,  and  in  niammillated  and 
granular  examples  of  a  dark -green,  light-green,  brown,  grey, 
or  yellow  colour.  H  3-5  to  4  ;  sp.  gr.  0-9  to  7.  Fused  on 
charcoal,  per  se,  it  forms  a  white  or  light-coloured  globule 
which  crvstallizes  with  broad  facets  on  coolinfir.  With  carb 
soda,  easily  ivduced  to  metallic  lead. 

Anylesite  with  c  irb.  soda  on  charcoal  gives  strong  sulphur- 
reaction — {.  e.,  the  slag  around  the  reduced  lead  produces  a 
dark  stain  when  placed  with  a  drop  of  water  on  a  silver 
coin*  Commonly  in  colourless  or  greyish  (Rhombic)  crystals 
and  crystalline  masses  of  marked  adamantine  lustre,  and  in 
niammillated  and  other  examples.     Sp.  gr.  6-1  to  ()"4. 

Wulfenite  and  Stolzite  form  dee)  >ly- coloured  green  or 
greenish- bine  glas.ses  by  fusion  in  a  reducing  flame  with 
phosphor-salt.  Wulfenite  is  mostly  in  small,  tabular  crystals 
of  the  Tetragonal  System,  yellow  or  yellowish-grey  in  colour, 
or  sometimes  red  from  intermixture  of  lead  chromate.  Sp. 
gr.  6'7.     As  pointed  out  by  von  Kobell,  a  beautiful  blue 

*  As  stated  in  a  preceding  foot-note,  the  fusion  should  be  effected  by  the  flame 
of  a  candle  or  that  of  an  oil  lamp.  Tliere  is  always  risk  of  sulphur  being  com- 
municated to  the  test-matter  by  a  gas  flame. 
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coloration  ensues  when  the  powdered  mineral  is  warmed  with 
concentrated  sulphuric  acid  in  a  porcelain  capsule,  and  some 
alcohol  is  added  to  the  mixture.  Stolzite  is  especially  dis- 
tincfuished  by  its  hia^h  specific  gravity,  7  9  to  8*1,  and  by 
the  fine  blue  or  greenish-blue  glass  which  it  forms  by  fusion 
with  phosphor-Siilt  in  a  reducing  flame.  It  occurs  commonly 
in  very  small,  often  fusiform,  square- based  pyramids  and 
other  Tetragonal  crystals,  and  also  in  mammillated  examples, 
grey  or  brown  (more  rarely  red  or  green)  in  colour.  Nitric 
acid  dissolves  out  the  PbO,  and  leaves  a  yellow  residuum 
of  \V()\ 

Eulytine  (sometimes  known  as  ''  l)ismuth  blende  ")  occurs 
in  very  small  tetrahedral  crystals  and  botryoidal  examples 
of  a  brown  or  yellowish  colour.  II  4o  to  5  ;  sj).  gr,  about 
6.  Fuses  into  a  dull,  brownish  bead,  and  with  carb.  soda 
on  charcoal  yields  reduced  (more  or  less  brittle)  metal  and 
a  deep-yellow  subliiuate.  As  with  bismuth  comj)ounds 
generally,  when  fused  with  a  mixture  of  sulphur  and  potas- 
sium iodide,  it  deposits  on  the  charcoal  a  sublimate  of  a 
vivid  scarlet  colour.      Gelatinizes  in  hydrochloric  acid. 

Third  Group  :  Rapidli/  dissolved  BB  by  phosphor-salt  on 
platinuin-wire.  No  water  evolved  on  iytiitioti  in  the 
bulb-tube. 

Scheelite  (CaO,  WO^). 

Fluor  Spar  (CaF'-^). 

Cryolite  (Nn,  Al,  F). 

Barytine  or  Heavy  Spar  (BaO,  SO^). 

Celestiiie  (SrO,  !S0-^). 

Anhydrite  (CaC,  SO^). 

TriphylUne  (LiH),  Na^K^O,  MnO,  FeO,  P^O^). 
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Scheelite  fuses  on  tlie  edges  only,  and  therefore  belongs 
properly  to  Table  XX.,  where  it  will  be  found  described. 
It  is  at  once  distinguished  from  the  minerals  of  tlie  present 
Table,  also,  by  its  high  specific  gravity  (5-9  to  6"2). 

Fluor  Spar  and    Cryolite,   warmed  in   powder  with  sul-" 
phuric  acid,  give  off  stifling  fumes  which  corrode  glass  more 
or  less  strongly.     The   trial   is   best   made   in   a   platinum 
crucible  covered   with  a  piece  of  glass.     On   washing   the 
glass,  the  corrosion  is  readily  seen. 

Fluor  Spar,  as  a  rule,  is  easily  recognized  by  its  common 
occurrence  in  cubes,  wjiicli  are  either  colourless,  or  more 
usually  amethystine,  deep  blueish-green,  pale-green,  yellow, 
pale  blueish-grey,  or  rose-red,  in  colour.  It  occurs  also  in 
columnar  examples,  mostly  zoned  in  different  tints,  and 
occadonally  in  compact,  hornstone-like  masses.  Sp.  gr.  3*1 
to  3  2.  The  crystals  present  a  marked  octahedral  cleavage, 
and  thus  some  of  the  angles  of  the  cubes  are  frequently 
broken  off.  J3B,  generally  decrepitates  strongly,  and  melts 
into  a  white,  opaque  bead.  After  prolonged  ignition,  it 
tinges  the  flame-point  distinctly  red,  and  reacts  alkaline — 
i.e.,  imparts  when  moistened  a  blue  colour  to  red  litmus- 
paper.  Gently  heated  in  the  dark,  the  powder  exhil)its  a 
green  or  blueish  phosphorescence. 

Cryolite  occurs  in  white,  lamellar  masses  with  nearly 
vectansjular  cleavaire.  Small  fra<irments  melt  easilv  if  held 
against  the  edge  of  a  candle-flame.  BB  on  charcoal,  runs 
into  liquid  fusion  and  is  in  great  part  absorbed,  leaving  a 
white,  earthv  residuum  which  becomes  bright-blue  when 
moistened  with  cobalt  nitrate  and  again  ignited.  H  2-5  to 
3  ;  sp.  gr.  2-9r\      Chiolite  and  Fachnolite  are  closely  related. 
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Bar/jtine,  Celestine^  and  AiLhydrite  arc  sulphates,  and  thus 
form  hy  fusion  with  carb.  soda  on  charcoal,  a  so-called 
"hei)ar"  or  reddish  mass  which  imparts  when  moistened  a 
dark  stain  to  the  surface  of  a  silver  coin  or  piece  of  lead  test- 
paper  ;  but  the  fusion  should  be  made  by  the  flame  of  a 
candle  or  oil-lamp,  as  ordinary  gas  frequently  contains  sul- 
phur. Fused  per  se  in  the  blow})ipe  forceps,  Barytine  colours 
the  flame-point  pale-green,  and  Cehstiae  imparts  to  it  a 
carmine-red  colour,  the  colour  becoming  very  intense  on 
prolonged  subjection  of  the  test-fragment  to  the  action  of 
the  flame.  Both  dissolve  entirely  BB,  in  carb.  soda,  whils^ 
Atihf/'lrite  leaves  undissolved  a  white  earthy  mass.  The 
sp.  gr.  of  Barijtine  equals  4-3  to  4*7  ;  that  of  Celestine,  3'9 
to  4  ;  and  that  of  Anhydrite,  only  2*8  to  3.  Barytine 
occurs  in  rhombic  crystals  (often  tabular)  ;'*  and  in  lamellar, 
fibrous,  and  other  examples,  either  colourless,  or  opaque- 
white,  yellow,  pale-red,  brown,  etc.,  in  colour.  Celestine 
occurs  also  in  colourless  rhombic-crystals  (often  associated 
with  native  sul})hur),  and  very  commonly  in  fibrous  and 
^amellar  examples  of  a  light  or  deep-blue  color.  Anhydrite  is 
rarcily  in  distinct  crystals,  but  commonly  in  lamellar,  granu- 
lar, and  other  masses,  mostly  of  an  opaque- white  or  greyish 
colour,  or  variously  tinted. 

Ti'iphylline  occurs  in  cleavable,  lamellar  masses  of  a  grey- 
ish-green or  greyish-blue  colour.  H  4  to  5  ;  sp.  gr.  3*5  to 
3*6.     Easily    fusible,   generally    colouring    the   flame    both 


*  See  synopsis  of  its  crystal  types  in  the  Tables  which  accompany  the  author's 
Blowpipe  Practici',  page  100,  See  also,  iu  tht  same  work,  the  very  distinctive 
spectroscopic  reactions  (as  brought  out  by  a  Bunsen  burner  and  small  pocket- 
apectroscope)  of  Barytine,  Celestine,  Anhydrite,  and  related  minerals. 
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green  and  red.  Tlie  latter  colour  comes  out  very  strongly 
if  trst-inatter  be  moistened  with  hydrochloric  acid  or  fused 
with  barium  chloride.  The  solution  in  nitric  acid  gives  a 
canary-yellow  precipitate  with  amm.  molybdate. 

« 

Fourth  Group  :  Characters  like  those   of  the  preceding 
Growp,  hut  yielding  water  on  ignition. 

Gypsum  or  Selenite  (CaO,  80^  H^O). 
Polyhallite  (K^O,  CaO,  MgO,  SO^,  H^O). 

These  minerals  fused  with  carb,  soda  (and  a  little  borax) 
on  charcoal  form  an  alcaline  sul[)hide  which  imparts,  when 
moistened,  a  dark  stain  to  a  silver  coin  or  slip  of  lead  test- 
paper.  Ignited  in  a  bulb-tube  or  test-tube,  both  yield  water  : 
Gypsum  21,  and  Polli/hallite  G  })er  cent.  The  latter  is  partly 
soluble  in  water,  and  has  a  feeble,  bitter  taste. 

Gypsum  occurs  in  clino-rhombic  crystals  and  in  lamellar, 
granular,  and  fibrous  masses,  either  colourless,  or  of  an 
opaque-wliite,  pale-red,  or  other  colour.  The  crystals  shew 
a  marked  cleavage  in  one  direction,  with  pearly  lustre  on  the 
cleavage  plane.  All  varieties  yield  to  the  finger-nail ;  and 
transparent  specimens  become  immediately  opaque  in  a 
candle-flame.  BB,  fuses  into  a  white  globule  which  reacts 
alkaline  after  prolonged  ignition,  and  tinges  the  flame  dis- 
tinctly red.  Sp.  gr.  2*2  to  2-4.  Polyhallite  is  mostly  in 
flesh-red  or  greyish,  fibrous  and  lamellar  masses.  Sp.  gr.  2-7 
to  2*8  ;  H  3  to  3 -3.  Easily  fusible  into  an  alkaline,  hollow 
bead. 

Fifth    Group  :  Slowly  and    only  partially  decomposed  hy 
fusion  with  phosphor-salt,  a  silica-skeleton  remaining  in^ 


92  ■        THE    MINERAL    INDICATOR. 

ihefusp/l  head.     No  water  (or  merely  traces)  evolved  hy 
ignition  in  the  bulb-t.be. 

Ashestus  (CaO,  MgO,  SiO^). 

KroUdolite  (Na^O,  H^O,  MgO,  FeO,  SiO^). 

LepidoUte  (K^O,  Na^O,  Li^O,  MnO,  Al^O^  SiO'). 

Muscovite  (K^O,  APO^  SiO'-;. 

Phlogopite  (K'O,  MgO,  APO\  SiO^). 

Biotite  (K^O,  MgO,  AlW,  VqK)\  SiO'^). 

Margarite  (H^O,  CaO,  Al-'G',  SiO^). 

Talc  {WO,  MgO,  SiO^;.       . 

Steatite  (compact  Talc ). 

As  regards  structiiral  characters,  the  minerals  of  this 
group  fall  under  the  following  sections  :  i.  Fibrous  (Ashes- 
tus, Krokidolite) ',  ii.  Compact-scaly  {LepidoUte);  iii.  Foliated 
or  scaly  {Muscovite,  Phlogopite,  Biotite,  Margarite,  Talc  pro- 
per) ;  iv.  Compact  {Steatite). 

Ashestus  and  Krokidolite  are  at  once  distinguished  by  their 
occurrence  in  soft,  flexible,  fibrous  masses,  more  or  less 
resemblijig  floss-silk.  Ashestus  is  chiefly  light-green,  white 
or  greyish  in  colour.  Thin  fibres  fuse  easily  into  a  colourless 
or  pale-greenish  glass.  Krokidolite  or  Crocidolite  is  of  a 
deep-]jlue  or  lavender-blue  colour,  and  is  readily  fusible  into 
a  black  magnetic  bead. 

LepidoUte  (km-wn  likewise  as  Lithioiiite  and  Lithia  Mica) 
occurs  essentially  in  masses  of  a  pink  or  reddish-grey  colour, 
made  up  of  an  aggregation  of  minute  pearly  scales,  and  is 
readily  distinguished  by  the  vivid  crimson  colour  which  it 
imparts  to  the  blowpipe-flame.     It  melts  very  easily,  with 
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continued  bubbling.  It  occurs  also  occasionally  in  foliated 
or  micaceous  examples.  H  commonly  about  2-0;  sp.  gr. 
2-8  to  3. 

Muscovite  and  Phlogopite  are  common  species  of  mica. 
They  occur  essentially  in  foliated  or  iinely-laminated  masses, 
which  admit  of  separation  into  the  thinnest  leaves,  and 
present  a  metallic-pearly  lustre.  Also  in  detached  scaly 
particles,  and  in  hexagonal  and  rhombic  plates  and  crystals 
with  strongly-pronounced  basal  cleavage.  Thin  leaves  are 
flexible  and  elastic.  BB,  tine  scales  become  opaque  and 
fuse  more  or  le.ss  readily  on  the  edges.  Muscovite  is  com- 
monly of  a  white,  brown,  black,  or  greenisli  colour,  and  is 
insoluble  in  acids.  F/dogopite  is  commonly  brownish-yellow 
or  golden-brown  in  colour  ;  and  is  decomposed  in  j)owder 
by  strong  sulphuric  acid,  the  silica  separating  in  colourless 
scales.  Biotite  is  a  related,  feri'o-magnesian  mica,  mostly  of 
a  dark-green,  black,  or  dark-brown  colour,  and  like  Phlogopite 
is  decomposed  by  sulphuric  acid.  As  a  rule  (though  not 
exclusively),  Muscovite  forms  an  essential  component  of 
granites,  gneissoid  rocks  and  mica  slates  ;  whilst  Phlogopite 
occurs  in  connection  with  crystalline  limestones  ;  '»nd  liiotitey 
with  lavas,  trachytes,  and  basalts. 

Manjarite  or  Pearl  Mica  is  distinguished  from  the  micas 
proper,  by  the  comparative  brittleness  of  its  component 
folise.  It  occurs  in  six-sided  tables  and  lamellar  masses  of 
a  pearly-wliite,  pale  green  or  j)ale-reddish  colour.  H  3'5  to 
4  ;  sp.  gr.  3.  Fusible  on  the  edges  with  slight  intumescence. 
Contains  about  5  per  cent,  water,  but  yields  little  more 
than  traces  by  ignition  in  the  bulb-tube. 

Talc  contains  from  4  to  5  per  cent,  of  water,  but  this  is 
only  driven  off  by  incense  ignition,  and   thus  no  water  is 
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obtained  by  ordinary  treatment  in  the  bulb-tube  -or,  at  the 
most,  a  mere  trace  only  appears  ui)on  the  glass,  l^alc  oc- 
curs under  two  leading  conditions  :  in  soft,  foliated  and 
scaly  examples  of  a  pearly- white,  light  green  or  other  light 
colour  (  =  Talc  proper)  ;  and  in  compact  or  crypto-scaly 
masses,  white,  grey,  greenish,  <kc.,  or  mottled,  in  colour 
(  =  Steatite).  Both  are  more  or  less  soapy  to  the  touch,  and 
very  sectile.  Thin  foliae  are  flexible  but  not  elastic.  8p.  gr, 
2*67  to  2  8.  H,  in  Talc  proper,  =  I  ;  in  Steatite  1-5  to  2-5. 
BB,  both  harden  considerably,  but  fuse  only  on  the  thinnest 
edijes.     See  Table  XX. 

Fifth  Group  :  Blowpipe  characters  like  those  of  the  Fourth 
Group,  but  yieldimj  water  (in  distliictly  visible  quantity) 
on  ufnition  in  the  bulb-tube. 

Sub-Group  a  :  Fusible,  with  strong  intumescence. 

Stilbite  or  Desmine  CaO,  APO',  SiO^  H^O  17  %). 
Heulandite  (CaO,  APQs,  SiO■^  H^O  15  %). 
Chabasite  (K^O,  CaO,  A^0»,  SiO'S  H^O  21  %). 
Apophyllite  (KF,  CaO,  SiO'',  H^O  16  %). 
Thomsonite  (Na'^0,  CaO,  Al^O,  SiO^  H^O  13  %). 
Scolezite  ^CaO,  APO',  SiO^,  H'^O,  13  to  14  %). 
Laumonite  (CaO,  APO',  SiO^  H^O  16  %). 
Phillipsite  (K'^0,  CaO,  A1«0»,  H'O  17  %). 

Sub-Group  B  :  Fusible  without  intumescence. 
Ilarmotome  (K^O,  BaO,  APO^,  SiO^  H'^0  15  °' 
Analcime  (Na'O,  Al'^0',  SiO^  H'^O  8  %). 
Satrolite  (NaO^  Al^O',  SiO^  H'^0  9*  %). 
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Sub-Group  C  :  Fusible  only  in  fine  splinters,  and  then,  as  a 

rule,  upon  the  edges  merely. 

Chlorite  (MgO,  Fe<),  FeW,  APO»,  SiOs  H^O  9  to  12  %). 
Ripidolite  (A  feebly -ferruginous  chlorite). 
ISerpentine  (MgO,  SiO^  WO  13  %). 
Chrysotile  (Asbestiform  Serpentine). 

The  representatives  of  sub-groups  A  and  B  belong  to  the 
natural  group  of  "  Zeolites  " — a  series  of  hydrated  silicates 
occurring  especially  in  amygdaloidal  cavities  of  trappean  or 
basaltic  rocks.  All  are  very  easily  fusible  (in  thin  frag- 
ments melting  in  the  Bunsen-flame  without  the  aid  of  the 
blowpipe),  and  those  of  the  first  sub-group  intumesce  or 
foam  up  on  the  first  application  of  the  fl'.me,  whence  the 
name  "  Zeolite."  All  are  readily  decomposed  by  hydro- 
chloric acid,  the  silica  (in  all  but  Stilbite,  Ileulandite,  Chaba- 
site  and  Analcime)  separating  in  a  gelatinous  state  on  partial 
evaporation  of  the  solution.  Some  of  the  species  scratch 
glass  faintly,  and  are  thus  referred  to  in  Table  XI.  ;  but  to 
avoid  risk  of  error  in  their  determination,  it  has  been 
thought  advisable  to  place  them  also  in  the  present  Table. 

Stilbite  and  Ileulandite  much  resemble  each  other  and  can 
only  be  distinguished  properly  by  their  crystallization,  which 
is  Rhombic  in  Stilbite,  and  Clino-Rliombic  in  Ileulandite. 
Both  occur  commonly  in  white,  brown,  or  red,  foliated  and 
radio-fibrous  masses  and  grouped  crystals,  with  very  perfect 
cleavage  in  one  direction,  and  strong  pearly  lustre  on  the 
cleavage  plane.  H  3  5  to  4 ;  sp.  gr.  2*1  to  2  2.  Chabazite 
proper,  is  easily  distinguished  by  its  occurrence  in  small 
rhombohedrons,  mostly  colourless,  or  white,  reddish,  <fec.   H 
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4  to  5  ;  sp.  gr.  2  to  2*2.  A  variety  known  as  Phacolite 
occurs  in  very  flat  twelve-sided  pyramids  and  allied  forms, 
often  lenticular  from  distortion.  These  species  are  decom- 
posed without  gelatinization  by  hydrochloric  acid. 

•  Apoph]illite  or  Ichthyopthalmite  occurs  in  Tetragonal  crys- 
tals and  lamellar  masses,  colourless  or  opaque- white,  pale- 
reddish,  tkc.  The  crystals  are  either  square  prisms  with 
replaced  angles,  or  acute  pyramids,  mostly  with  basal  plane, 
the  latter  shewing  a  pearly  and  often  iridescent  lustre, 
whilst  the  other  planes  are  vitreous.  The  cleavage  is  parallel 
with  this  basal  plane,  and  the  cleavage  surface  is  also  irides- 
cent-pearly. H.  4-5  to  5  :  sp.  gr.  2-;^  to  2-4.  jBB,  ex- 
foliates and  melts  with  bubbling.  Thomsonite  occurs  in 
rectangular  prisms  (often  acicular),  and  in  fibrous  masses, 
mostly  colourless.  H  5  to  5*5  ;  sp.  gr.  2*3  to  2*4.  Fusible, 
with  more  or  less  intumescence,  Scolezite  is  much  like 
Thojuaonite  in  general  characters,  although  Clino-Rhombic 
in  crystallization,  but  its  salient  character  (at  least  in 
typical  examples)  is  the  expansion  and  pronounced  intumes- 
cence which  it  exhibits  on  ignition.  Laumonite  is  also 
Clino-Rhombic  in  crystallization,  but  is  commonly  in 
opaque-white  efflorescent  examples,  from  loss  of  water  by 
weathering.  H  (in  unaltered  examples)  3  to  4  ;  sp.  gr.  2*2 
to  2  36.  Fusible  with  intumescence.  Philllpsite  or  Lime- 
Harmotome  is  mostly  in  small,  colourless,  cruciform-crystals 
(but  also  at  times  in  simple  crystals)  of  the  Rhombic 
System.  H  4*5  to  5  ;  sp.  gr.  2*2.  Fusible  with  intumes- 
cence. 

Harmotome,  Analcime,  and  Natr elite,  fuse  quietly  before 
the  blowpipe  —  i.e.,  without  preliminary  intumescence. 
Barmotomi  is  readily  distinguished  by  its  occurrence  iu 
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small  cruciform-crystals  of  vitreous  lustre  ;  and  by  the  pale- 
green  colour  (from  presence  of  BaO)  which  it  communicates 
to  the  blowpipe-flame.      Its  solution  in  hydrochloric  acid, 
diluted  and  tested  with  a  drop  of  sulphuric  acid  becomes 
immediately  milky  from  precipitation  of  BaSO^.     Analcime 
may  generally  be    recognized    by  its   occurrence    in    small 
trapezohedrons,  or  in  combinations  of  cube  and  tra|)ezohedron 
— the  cube  shewing  three  small  planes  on  each  angle.   Colour- 
less, light-grey,  pale-red,  kc.     H  5'5  (scratciies  glass  more 
or  less  distinctly) ;  sp.  gr.  2"1  to  2'3.     Colours  the  blowpipe- 
flame  strongly  yellow.     Decomposed  by  hydrochloric  acid, 
without  gelatinization.      Natrolite    is    commonly  in    radio- 
fibrous,  botryoidal   masses,  of  a  brownish-yellow  colour,  but 
occurs  also  in  acicular  or  very  small  crystals  of  the  Rhombic 
System,  either  colourless   or  lightly  tinted.     H  5   to   5 "5 
(scratches  glass  slightly);  sp.  gr.  2*17  to  2*27.     Tinges  the 
blowpipe-fl.ime  strongly  yellow.     Gelatinizes  in  hydrochloric 
acid.     The  ignition-loss  in  both  Analcime  and  Natrolite  is 
under  10  per  cent.;  in  other  commonly  occurring  Zeolites, 
it  varies  from  1 3  or  1 4,  to  about  20  per  cent. 

The  minerals  of  sub-group  C,  are  at  once  distinguished 
from  those  of  the  preceding  sub-groups  by  their  difficult 
fusibility.  As  a  rule,  they  exhibit  signs  of  fusion  before 
the  blowpipe  only  on  their  thinnest  edges,  or  at  the  point  of 
fine  fibres,  only.  They  comprise  :  the  foliated,  scaly  or 
crypto-scaly  species,  Chlorite  and  Ripidolite  ;  the  compact  or 
slaty  Serpentine  ;  and  the  silky-fibrous  Ghrysotile — the  latter, 
properly,  an  asbestiform  variety  of  Serpentine. 

Chlorite  (  =  Pennine)  is  normally  dark-green  in  colour, 
foliated,  scaly,  or  earthy,  in  structure,  and  very  ^pft  ^nd 
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sectile.  Sp.  gr.  2-75  to  2-95.  Thin  scales  melt  on  the 
edges  and  surface  into  a  dark,  magnetic  slag.  Some  ex- 
ceptional, chromiferous  varieties  are  dark-red.  Ripidolite 
(  =  Clinochlore)  is  a  non-ferruginous  or  slightly-ferruginous 
Chlorite.  It  melts  on  the  edges  into  a  yellowish-grey 
enamel. 

Serpentine  occurs  normally  in  compact  or  fine-granular 
masses  of  a  green,  yellow,  red,  brown,  or  greyish  colour — 
two  or  more  colours  being  often  present  together  in  veins 
and  irregular  patches.  More  rarely  it  occurs  in  slaty  masses 
(Antigorite,  &c.),  and  in  fibrous  examples,  strongly  silky  in 
lustre  (Chrysotile).  The  latter  is  usually  greenish  or  yellow- 
ish-white in  colour,  or  sometime  pale  blueish-white.  Average 
sp.  gr.  of  Serpentine  proper,  2*5  to  2-7. 

^*^  Meershaum  (in  white  or  yellowish,  compact,  sectile  masses  ; 
sp.  gr.  I'O  to  1'3  ;  yielding  11  or  12  p.  c.  water  on  ignition)  ;  Dewey' 
lite  or  Gi/nuiite  (in  yellowish,  waxy-looking  masses,  yielding  22  p.  c. 
water);  ViUarsUe,  PyralloUte,  Sec,  also  belong  to  this  sub-group. 
See'  "Blowpipe  Practice,"  page  221. 
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.[Lustre  non-metallic.     Hardness  insufficient  to  scratch  glass.     In- 
fusible, or  vitrifying  on  thinnest  edges  only.     Streak,  coloured.] 

First  Group  :  Magnetic  after  strong  ignition  in  a 

reducing  flame. 

Red  Iron  Ore  (Fe'O^). 

Red  Ochre  (Earthy  Red  Iron  Ore). 

Brmon  Iron  Ore  (Fe'^O^  -+-  H^O). 

Yellow  Ochre  (Earthy  Brown  Iron  Ore). 
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This  gi'ou})  includes  only  the  softer  nnd  earthy  varieties 
of  Hematite  and  Lhnonlte^  distinguisluMl  respectively  by 
their  streak — red  in  one  case,  and  brownish-yellow  in  the 
other.  In  a  reducing  tlame,  these  varieti(^s  blacken,  and 
become  slightly  vitrified  on  their  edges,  but  pi'acticalh'  they 
may  be  regarded  as  infusible.  After  ignition,  they  readily 
attract  the  magnet.  R'll  Iron  Ore  is  gonerally  in  granular, 
fibrous,  or  slaty  masses.  Red  Ochre  or  Reddle  is  merely  an 
earthy  variety,  sutiiciently  soft  to  mark  and  soil. 

Brown  Iron  Ore  occurs  in  lamellar,  granular,  and  radio- 
fibrous  botryoidal  masses  of  a  dark  or  light-brown  colour 
and  ochre-yellow  streak.  It  frequently  presents  a  smooth, 
glazed  surface,  and  is  often  iridescent.  Bog  Ore  is  a  sulv 
earthy  variety,  commonly  containing  a  certain  amount  of 
FeO  combined  with  humic  or  other  organic  acid.  Yellow 
Oclire  is  simply  the  Brown  Ore  in  an  earthy  condition,  soft 
enough  to  mark  and  soil.  These  varieties  give  off  water  in 
the  bulb-tube,  and  become  red  when  ignited  in  the  free  air. 
Some  contain  a  considerable  amount  of  Mn-0'\  in  which 
case  the  powder  after  ignition  assumes  a  chocolate-red  colour, 
and  gives  a  greenish-blue  turquoise-enamel  by  fusion  'vith 
carb.  soda  mixed  with  a  little  borax. 

Second  Group  :  Not  magnetic  after  igrdtion.     Streak,  pale- 
brown,  or  yellow. 

Zinc  Blende  (ZnS  ;  or  [Zn,  Cd,  Fe]  S). 
Zincite  or  Red  Zinc  Ore  (ZnO,  Mn^O^). 
Greenockite  (CdS). 

Zinc  Blende  and  Zincite,  fused  with  a  mixture  of  carb. 
soda  and  borax  in«  a  reducing  flame  on  charcoal,  give  a  sub- 
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limate  of  zinc  oxide.  This  i.s  leiiion-vollow  whilst  hofc,  and 
whito  when  cold.  Moistened  with  a  drop  of  cobalt  n.trate, 
and  again  ignited,  it  becomes  bright-green  on  cooling. 

Zinc  Blende  is  distinguished  by  its  pale-brown  streak, 
and  by  the  fornialion  of  an  alkaline  sulphide  by  fusion 
with  carb.  soda  and  a  little  borax  in  a  reducing  flame  on 
charcoal.  The  fused  mass,  removed  from  the  charcoal,  and 
placed  with  a  drop  of  water  on  a  silver  coin,  iin})arts  a  dark 
stain  to  the  surface  of  the  latter.  The  fusion,  however, 
should  be  effected  by  the  flame  of  a  candle  or  oil-lamp,  as 
sulphu)'  is  often  communicated  to  test-matters  by  the  flame 
of  gas.  Zinc  Blende  also  gi\es  off"  an  odour  of  sulphuretted 
hydrogen  wiieii  tested  in  powder  by  hydrochloric  acid. 
Many  examples  of  this  mineral  possess  a  sub-metallic  lustre 
(see  Table  VIII.)  ;  and  some  of  the  dark,  ferruginous 
varieties  become  slightly  vi trifled  on  thin  edges  before  the 
blowpipe-flame.  The  more  common  colours  are  dark-brown 
or  black,  with  pale-brown  streak,  and  some  of  these  examples 
are  blood-red  by  transmitted  light.  Other  examples  ar® 
dark-green,  yellosv,  (fee.  ;  but  the  streak  in  light-coloured 
examples,  is  almost  colourless.  Zinc  Blende  occurs  com- 
monlv  in  cleavable  lamellar  masses,  in  tetrahedrons  and 
other  crystals  of  the  Regular  System,  and  occasionally  in 
sub-flbrous  examples.     H  3'>  to  4;  sp.  gr.  39  to  4'2. 

Zincite  or  Red  Zinc  Ore  occurs  usually  in  lamellar  and 
granular  masses  of  a  blood-red  colour  with  orange  yellow 
stiteak.  It  is  commonly  associated  with  Franklinite^  and  is 
often  coated  in  place?  with  white  zinc-carbonate.  H  4  ;  sp. 
gr.  5*5  to  5-7.  BB,  infusible  ;  with  carb.  soda  mixed  with 
A  little  borax,  gives  a  greenish-blue  turquoise-enamel. 
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Gree)wckite  or  Cadmium  Sulphides  is  comparativH  rare.  Tt 
occurs  in  small  pyramidal  crystals  (acute,  hexagonal  pyramids 
with  lower  half  entirely  replaced  by  basal  plane)  of  a  yellow 
or  yellowish-brown  colour,  and  yellow  stivak.  II  3  to  3'5; 
sp.  gr.  485.  BB  generally  decrepitates,  and  becomes  deep- 
red  whilst  ])ot.  Infusible.  With  carb.  soda,  gives  a  red- 
brown  subliuiate  of  cadmium  oxide.  This  is  best-seen  by 
rubbitig  the  surface  of  the  charcoal  support,  ]>revious  to  the 
trial,  with  some  powdered  chalk  or  bone-ash. 

Third  Gkoup:  Colon?'  yreeri  or  greenish-blue,  paler  in  the 

streak. 

ChrysocoUa  (CuO,  SiO'^  H^O). 
Pi>nelite  (MgO,  NiO,  A.1^0^  8iO-,  H'^0). 

ChrysocoUa  occurs  in  amorphous  botryoidal  masses,  and 
in  coatings  on  cop})er  ores.  Also,  occasionally  in  pseudo- 
morphs.  Green  or  blue,  with  very  pale  streak.  H  (in 
solid  examples)  2  to  5  ;  sp.  gr.  2-0  to  2-6.  BB,  blackens, 
but  does  not  fuse.  With  carb.  soda  on  charcoal  gives  a 
globule  of  metallic  copper ;  and  with  phosphor-salt,  a  silica- 
skeleton.     In  the  bulb-tube  yields  over  20  p.  c.  water. 

The  rare  Dioptase,  a  hydrated  copper-silicate  from  Siberia, 
also  belongs  to  this  group,  but  is  hardly  likely  to  come  under 
the  student's  observation.  It  occurs  in  hexagonal  prisms, 
with  rhombohedral  summit-planes,  of  a  beautiful  emerald- 
green  colour.  Scratches  glass  slightly,  yields  11  "4  p.  c. 
water  on  ignition,  and  gelatinizes  with  hydrochloric  acid. 
Sp.  gr.  3-3. 
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Pimelife  occurs  in  ai)[)le-green  coatings  and  earthy  masses. 
BB,  blackens,  and  generally  vitriiies  on  thin  edges.  With 
]>()rax  in  an  oxidating;  flame,  forms  as  amethystine  glass 
which  becomes  brown  on  cooling.  In  the  bullvtube  yields 
about  21  per  cent,  water.  Sickd-Gymnite  in  green  or 
greenish-yellow  coalings  on  certain  examples  of  fUiromic 
Ijon  Or(!,  is  a  closely-related  sid)stance. 


* 
*  * 


See,  also,  Chlorite  ('ral)les  XV'ITI.  and  XX.),  some  examples 
of  which  present  a,  greenish  streak.  ('omaionly  in  dark  green, 
foliated,  scaly,  or  compact-scaly  masses,  sufficiently  soft  to  be 
.scratched  )»y  the  tinger-nail.  Infusible,  or  fusible  on  thin  edges 
only. 

Fourth  Group  :  N^oi  exhihitlng  the  (Hstiitctive  churacters  oj 
prece<Un(j  groups.     Colour  black  or  brownish  black. 

Manganese,  Ochre  or  Wad  {WwO,  I3aO,   MnO\  UK),  &c.). 

Cobalt    Ochre    or    Asbolan   (CuO,    MnO^    (JuO,    Fe'-'O', 
H^O,  &c.). 

These  Ochres  are  mixtures  of  more  or  less  inconstant 
com])osition.  They  occur  in  black  or  dark-brown,  earthy, 
stalactitic  and  other  amoi'phous  masses.  Both,  form  a  tur- 
quoise-enamel by  fusion  with  carb.  soda,  a.nd  the  cobalt 
ochre  gives  a  blue  glass,  more  or  less  pure,  with  borax, 
especially  in  a  reducing  flame,  when  the  amethystine  colour 
(imparted  to  the  glass  by  manganese  oxide)  becomes  destroy- 
ed. Both  yield  water  on  ignition,  and  cause  the  emission 
of  chlorine  fumes  when  warmed  with  hydrochloric  acid. 
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[^Lustre  non-metallic.     Hardness  inHuffin'u'nt  fo  scratch  (jfass  iliMijicfly. 
Infusible,  or  fusible  on  thin  edyes,  only.     Streak,  nncolournl.] 

GcKO\5i?  \.      Yielding  water  m  manifest  quanfifi/  hi/  igi}ilion 

in  the  bulb  tube. 

Sub-Group   a  :  Assumiw/  a  blue   (or  green)    colour  after 

ignition  with  cobalt  solnf ion. 

Alunite  (K'^O,  Al^Os,  80\  H'O). 

Aluminife  or  Webster ite  K^O,  A.VO\  S()\  llM)). 

Wavdlite  (Al^()»,  PH)^,  H2O). 

Gibbsite  or  Hudra.rgiUite  {A.Vi)\  ll'O). 

Calamine  (ZiiO,  SiO»,  H'^0). 

Allophane  (A1^()^  SiO^  H^O). 

KollyrUe  {AX'0\  SLO^  H-'O). 

Halloysite  (APO\  SiO'^  H^O). 

Kaolin  {kX'0\  SiO^  H'O). 

Pholerite  or  Nacrite  (\\'0\  SiO^  WO). 

Finite  {Yi'O,  MgO,  FeO,  Al^O^,  FeH>\  8iO^  H'^O). 

Sub-Group  B  :  Beroming  pale-red  or  dark-grey  {never  blue) 
after  ignition  with  co. -solution. 

Meerschaum  (MgO,  SiO'^  H'O). 
Deweylite  (MgO,  SiO'^  H'O). 
Serpentine  (MgO,  SiO^  WO). 
Ghrysotile  ( blbrous  Serpentine). 
Antigorite  {^Xsitj  Serpentine). 


104  THE    MINERAL    INDICATOR. 

Bastite  or  Schillerspar  (MgO,  FeO,  AX'0\  Si02,  H^O). 
Chlorite  (MgO,  AFO»,  1V0«,  SiO'^  H'^0). 
Brucite  (MgO,  H^O). 

Aluiiite,  Aluminite,  Wavdlite,  and  Gibhsite,  are  more  or 
less  readily  soluble  (in  fine  powder)  in  a  hot  solution  of 
caustic  potash. 

Alunite  and  Aluminite  are  sulphates,  and,  as  such,  they 
form  by  fusion  on  charcoal  with  carb.  soda  a  so-called 
"  hepar  "  or  re<ldish  slag,  which  imparts  when  moistened  a 
dark  stain  to  the  surface  of  a  silver  coin.  Alunite  so'atches 
calcite,  and  yields  on  ignition  13  p.  c.  water.  Commonly 
in  granular  masses  of  a  white  or  pale-reddish  or  yellowish 
colour,  more  rarely  iji  small  rhombohedral  crystals.  Alu- 
tninite,  yields  to  the  iingcr-nail,  and  gives  oft'  on  ignition 
about  47  p.  c.  water.  Occurs  commonly  in  white  or  greyish, 
porous,  earthy  masses  which  adhere  to  the  tongue.  Both 
give  off  SO^  by  strong  ignition  ;  the  evolved  water  thus  red- 
dens litmus  paper. 

Wavellite  is  reatlily  recognized  by  its  almost  constant 
occurrence  in  green,  greenish-white,  or  pale-yellowish,  radio- 
fibrous  and  botryoidal  examples  on  clay-slate  or  sandstone. 
H  3*5  to  4;  sp.  gr.  2*3  to  2-5.  Bl>,  tinges  the  flame  pale- 
green,  and  separates  into  fibres  which  become  opaque-white 
but  do  not  fuse.  The  solution  in  nitric  acid  (or  in  caustic 
potash  acidified  with  nitric  acid)  yields  a  canary-yellow 
precipitate  on  warming  with  amm.  molybdaie.  In  the 
bulb-tube  gives  off  25  to  2(5  p.  c.  water.  Various  related 
species  of  closely  similar  character,  but  differing  more  or 
less  in  their  water  percentage,  are  named  Feganite,  Fischer- 
ite.  &c. 
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Gihhsite  or  Ilydrargillite  is  comparatively  rare.  Occurs 
mostly  in  white  or  pale  greenish-yellow  mamillary  and 
stalactitic  examples,  and  in  small  hexagonal  prisms  with 
basal  cleavage.  H  2  5  to  3  ;  sp.  gr.  2*35.  BB  infusible^ 
but  commonly  exfoliates.     Water  percentage,  34-5. 

Calamine,  AUojjhane,  Kollyrite,  and  Halloys'ite,  are  decom- 
posed with  gelatinization  by  hydrochloric  acid.  The  first 
scratches  calcite  very  strongly,  and  souie  examples  scratch 
glass  slightly.     The  others  are  softer  than  calcite. 

Calamine  or  Zinc  Silicate  occurs  chiefly  in  ajTSfre^ations 
of  small,  vitreous  crystals,  and  in  botryoidal  and  cavernous 
masses,  either  colourless,  or  brownish,  yellowish,  tfec,  and 
sometimes  light-blue  from  presence  of  a  small  amount  of 
copper  oxide.  But  it  is  chiefly  distinguished  b}^  yielding  a 
sublimate  of  ZnO,  when  fused  with  a  mixture  of  carb.  soda 
and  borax  in  a  good  reducing  flame  on  charcoal.  The  sub- 
limate is  lemon-vellow  whilst  hot,  and  white  when  cold  ; 
and  it  becomes  light-green  when  moistened  with  a  drop  of 
cobalt  nitrate  and  again  ignited.  Another  distinctive 
character  (as  regards  the  minerals  associated  with  it  in  this 
group)  is  its  property  of  forming  BB  with  boi-ax  a  glass 
which  on  saturation  becomes  opaque- white  by  flaming  or 
when  cold.  H  5  ;  sp.  gr.  3-3  to  3-5.  The  powder  ignit(  d 
with  cobalt  solution,  becomes  partly  green  and  partly  blue 
on  cooling.     In  the  bulb-tube  yields  7  5  per  cent,  water. 

Allophayie  occurs  in  ainorphous,  botryoidal  and  similar 
examples.  H  3;  sp.  gr.  about  2.  Sometimes  mixed  with 
co])per  silicate  and  then  light-blue  or  green  in  colour,  other- 
wise   red,    brownish,    &c,       Halloysite   and    Kollyrite   are 
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essentially  in  white,  grey,  greenish  or  other  coloured  nodular 
and  earthy  examples,  sufficiently  soft,  in  general,  to  be 
scratched  by  the  finger-nail,  and  somewhat  soapy  to  the 
touch.  The  first  yields  about  24  and  the  latter  about  40 
per  cent,  water.  Like  other  related  substancses,  Lenzinite, 
Glaegerite,  &c.,  they  are  decomposition  products  of  somewhat 
variable  composition. 

Kaolin,  Nacrite  or  Pholerite,  and  Finite,  do  not  gelatinize 
in  hydrochloric  acid,  and  as  a  rule  are  only  slightly  attacked 
by  that  reagent.  Kaolin  (including  Cimolite,  ifec.  is  essen- 
tially in  very  soft,  more  or  less  earthy  masses,  of  a  white, 
reddish  or  other  light  colour ;  Nacrite,  in  pearly-white,  soft, 
scaly  masses  and  six-sided  tables ;  and  Pinite  (commonly 
regarded  as  a  decomposed  Jolite),  in  six  and  twelve-sided 
prisms,  of  dull-grey,  white,  brown,  or  other  colour,  and 
usually  opaque.  The  latter  commonly  vitrifies  on  thin 
edges  before  the  blowpipe-flame.  Fahlunite,  Gieseckite, 
Ksmarkite,  &c.,  are  closely  related  (see  the  author's  "Blow- 
pipe Practice,"  p.  220  and  226). 

^^*^^  See  Agalmatolite  and  Pyrophi/Uite  in  (4roup  2,  bel<jw. 

The  minerals  of  Sub-Group  B,  do  not  assume  a  blue 
colour  after  ignition  with  cobalt  nitrate.  All  are  essentially 
magnesian  silicates.  Colourless  examples  thus  })ecome  flesh- 
red  after  treatment  with  the  Co-solution,  })ut  coloured  varie- 
ties, as  a  rule,  become  dark-grey  or  dingy -black  under  this 
treatment. 

Meerschaum,  Deweylite,  and  Serpentine  p'oper,  occur  in 
fine-granular  or  compact  masses  of  great  sectility.  Thin 
splinters,   BE,  fuse,  as  a  rule,  on   the  extreme  edgea  and 
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harden  considerably.  Meerschaum  is  white  or  pale-yellow 
in  colour,  and  of  very  low  specific  gravity  (1-2  to  1-3^  In 
hydrochloric  acid  it  gelatinizes.  Deweylite  is  also  white  or 
yellowish,  and  somewhat  waxy  in  lustre.  H  2  to  3  ;  sp.  gr, 
1'9  to  2-2.  Decomposed,  without  gelatinization,  by  hydro- 
chloric acid.  Serpentine,  is  chiefly  green,  brown,  yelloAv,  red, 
or  grevish — two  or  more  colours  often  occurrinc:  together  in 
veins  and  i)atches.  H  3  to  4  ;  sp.  gr.  2 -5  to  2*7.  Decom- 
posed by  hydrochloric  acid,  and  more  readily  by  sulphuric 
acid.  Meerschaum  yields  about  11  or  12  p.  c,  water  when 
previously  dried  at  212°;  otherwise,  from  12  to  over  20 
p.  c.  ;  Dewei/lite  yields  about  22  j).  c.  ;  and  Serpentine  about 
13  per  cent, 

Ch'^ysotile  is  a  fibrous  or  asbestiform  Serpentine,  occurring 
in  soft,  siU.y-looking,  |)arallel-fibrous  masses  of  a  yellowish- 
white  or  greenish-yellow  coloui*.  Fine  fibres  melt  at  their 
extreme  point.  Baltimorite  is  also  a  fibrous  Ser[)entine  of 
a  blueish  colour.  Plcrodte,  Plcrosmiiie,  Metaxite,  are  other 
varieties  of  fibrous  or  bladed  Serpentine,  usually  pale  green- 
ish or  greenish- white  in  colour. 

Antujorite,  Badife,  and  Chlorite,  are  distinguished  from 
the  above  bv  their  occurrence  in  slatv  or  foliated  examples. 
Antigorite  is  properly  a  slaty  Serpentine,  usually  deep-green 
in  colour  and  often  translucent.  H  2*5  to  3.  Bastite  or 
Schiller  Spar  occurs  in  laminated  examples  of  a  green  or 
brown  colour,  with  somewhat  metallic-])early  lustre,  and  is 
probably  an  altered  Bronzite.  Yields  generally  about  12 
per  cent,  water.  Decomi)osed  by  hydrochloric,  and  more 
readily  by  sulphuric  acid.      H  about  3  ov  3  5. 

Chlorite  occurs  in  foliated  and  scaly-compact  masses  and 
hexagonal  tabular  crystals,  and  also  in   detached  scaly  par- 
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tides,  mostly  of  a  <iark-green  colour.  Some  rare  chromi- 
ferous  examples,  however,  are  dark-red.  These  form  the 
sub-species  Kcemmererite.  All  varieties  are  sufficiently  soft 
to  yield  to  the  fin<^or-nail,  and  thin  pieces  are  flexible  but 
not   elastic.     The  essential Iv  ferrii^ifinous  chlorites  fuse  on 

*/  CD 

thin  edges  into  a  black  magnetic  slag.  Other  varieties  or 
species  {Ripidolite,  &c.,)  vitrify  on  the  edges  into  a  yellow- 
ish-grey slag  or  enamel.  In  the  bulb-tube,  all  yield  from 
9  to  12  per  cent,  water  ;  and  all  are  decomposed  (in  powder) 
by  sulphuric  acid.  II  1  to  1*5  ;  average  sp.  gr.  2*85.  Very 
commonly  associated  with  magnetic  iron  ore. 

Brucite  is  chiefly  distinguished  by  its  occuiTcnce  in  white 
or  greenish-white,  scaly  or  sub-fibrous,  pearly  examples,  and 
by  the  large  amount  of  water  (normally  31  per  cent.)  which 
it  yields  on  ignition.  H  2  ;  sp  gr.  2*3  to  -'4.  Infusible. 
Becomes  flesh-i'ed  after  ignition  with  cobalt-nitrate.  Nemo- 
lite  is  a  white  or  pale-blueish  asbestiform  variety. 
*  See,  also,  Talc  and  Steatite  in  Group  2,  below. 


Second  CIuoup  :  Not  yielding  water  {or  yiehhiiKj  traces  of 
moisture  otihf)  by  ignition  in  the  bulb-tube. 

Sub  -  (tHOUP     A  :    Rapidly   and  entirely  dissolved  BE    by 

phosphor-salt. 

Apatite  (CaO,  P^'0^  CaF^  OaOP). 

Scheelite  (CaO,  W0»). 

Sub- Group  B  :  ISlowly  attacked  BB  by  phosphor-salt,  a  silica 
skeleton  remaining  in  the  bead. 

Agalmatolite    K^O,  Al'W,  SiO'S  H^O). 
Pyrophyllite  (A^^0^  SiO^  H^O). 
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Talc  (MgO,  H^O,  SiO'). 

Steatite  (MgO,  H'^0,  SiO^). 

Bronzite  (MgO,  FeO,  SiO').  / 

Muscovite  (K^O,  Al'^O',  SiO^). 

Phlogopite  (K^O,  MgO,  APO^,  SiO*). 

Biotite  (K'O,  MgO,  FeO,  Fe"0»,  APO»,  SiO^). 

Apatite f  in  very  fine  splinters,  is  fusible  at  the  extreme 
point,  but  may  })ractically  be  regarded  as  infusible.  Mois- 
tened with  sulphuric  acid,  it  tinges  the  fiame-point  pale- 
green.  Scheelite  is  also  practically  infusible,  altliough  very 
.thin  splinters  vitrify  on  the  edges  in  a  well-sustained  flame. 
Both  species  are  dissolved  readily  by  fusion  with  borax,  the 
saturated  glass  becoming  milk-white  and  opacpie  on  cooling 
or  when  flamed.  Apatite  is  commonly  green,  or  more  rarely 
reddish-brown,  in  colour,  and  is  usually  in  hexagonal  prisms 
(often  of  large  size),  sometimes  terminated  hy  the  planes  of 
a  six-sided  pyramid.  H  5  ;  sp.  gr.  2-0  to  3'3.  The  solution 
in  nitric  acid  gives  a  canary-yellow  precipitate  with  amm. 
molybdate,  especially  on  warming.  Scheelite  is  at  once  dis- 
tinguished by  its  high  specific  gravity,  5*9  to  6*2.  xVlso, 
by  giving  a  blue  glass  by  fusion  in  a  reducing  flame  with 
phosi)hor-salt ;  and  by  leaving  in  nitric  acid  a  yellow  or 
greenish-yellow  residuum  (WO*'').  It  occurs  commonly  in 
acute,  square-based  pyramids  of  a  light  grey,  yellowish,  red 
or  brownish  colour,  but  is  sometimes  colourless  or  greenish. 
• 

As  regards  Sub-Group  B,  AgalmatoUte  and  PyrophyUite 
become  bright-blue  on  cooling,  when  moistened  with  cobalt 
nitrate  and  ignited.     Talc  and  Steatite  under  this  treatment 
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assume  on  cooling  a  pale- reddish  tint.     The  other  minerals 
of  the  sub-group  l)ecome  dark-grey  or  blackish. 

Agalmatolite  occurs  in  fine-granular,  almost  compact  (or 
crypto-scaly),  very  sectile,  masses ;  white,  yellowish,  reddish- 
white,  &c.,  in  colour,  and  sufficiently  soft  to  be  scratched 
by  the  finger-nail.  Many  of  the  small,  Chinese  images 
seen  in  collections  consist  of  this  mineral  -hence,  its  ])opular 
name  of  "  Figui'e  Stone  ;"  but  some  of  these  images  (perhaps 
the  greater  number)  consist  of  steatite  or  serpentine  Pyro. 
phjjIUte  occurs  in  very  soft,  pearly-white,  scaly  and  foliated 
examples,  much  resembling  Nacrite  or  Talc,  but  distin- 
guished by  expanding  and  exfoliating  very  strikingly  under 
the  first  action  of  the  blowpipe-flame.  It  does  not  fuse, 
however,  beyond  exhibiting  signs  of  vitrification  on  the 
extreme  eilges.  Both  Agalnidtolite  and  Pyrophyllite,  on 
intense  ignition,  yield  about  5  p.  c.  water,  but  when  tested 
in  the  ordinary  manner  in  the  bulb-tube,  they  give  oft 
traces,  merely. 

Talc  proyer  is  readily  distinguished  l)y  its  occurrence  in 
very  soft,  flvxible,  scaly  and  foliated  exam])les,  of  a  pearly- 
white,  apple-green  or  other  colour,  distinctly  soapy  to  the 
touch.  Steatite  is  a  compact  or  fine  granular  talc,  white, 
grey,  greenish,  reddish,  or  mottled  in  colour,  very  sectile, 
and  also  soapy-feeling.  (Hence  frequently  called  "  soap- 
stone,"  but  this  name  is  vaguely  applied  to  compact  chlorite, 
serpentine,  &c.,  as  well.)  H  (in  Talc)  1  ;  in  Steatite  1-5  to 
2-5;  sp.  gr.  2-67  to  2*8.  BB,  both  hardei\  considerably, 
and  usually  exhibit  signs  of  fusion  on  very  thin  edges,  but, 
practice  Uy  may  be  regarded  as  infusible.  In  the  bulb-tube, 
traces  of  water  are  often  given  off* ;  but  the  actual  (basic  1) 
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water,  present  to  the  amomit  of  about  4o  per  cent,  in  these 
minerals,  is  only  expelled  \>y  intense  and  long-continued 
ignitiorf. 

Bronzite  occurs  in  schistose  or  foliated  examj)les  of  a  dark- 
brown  or  dark-green  colour,  with  pseudo-nu^tallic  lu'onze-like 
lustre,  and  })erfect  cleavage  in  one  direction.  H  4  to  5  ;  sp. 
gr.  2*y  to  3*5.  Not  attacked  by  acids.  Infusihle,  or  vitri- 
fying only  on  thinnest  edges  in  a  well-sustained  Hanie. 
Usually  regarded  as  a  foliated  variety  of  EnstatUe  ;  closely 
I'elated  also  to  Anthophyllite,  a  substance  of  very  similar 
f.spect,  but  shewing  in  typical  examples  a  cleavage  angle  of 
124°  30',  characteristic  of  Aniphibole.  Tllf^<■•<'  minerals  are 
distinguished  from  micas,  by  being  brittle  or  iion-ela.stic  in 
t'lin  laminae,  and  by  their  greater  hardness. 

Mifscoiite,  Phlogopite,  and  Blotite  —characteristic  species 
oi  Mica — are  distinguished  by  their  metallic-pearly  lustre  and 
their  occurrence  in  foliated  and  scaly  masses  ^vhich  admit  of 
ready  separation  into  thin,  elastic  leaves.  They  occur  also 
in  crystals  and  crystal-plates  of  hexagonal  or  rhombic  shape, 
which  split  in  the  same  manner  into  fine  leaves  parallel  with 
the  base.  BB,  thin  scales  become  white  and  opaque,  and 
fuse  more  or  less  readily  on  the  edges ;  and  most  examples 
give  off  traces  of  water  by  ignition  in  the  bulb-tube.  Mus- 
covite is  commonly  brown,  black,  white  or  greenish  in  colour, 
and  is  insoluble  in  acids.  Phlogopite  is  commonly  brownish- 
yellow  or  golden-brown  in  colour,  and  is  decomposed,  in 
powder,  by  strong  sulphuric  acid,  the  silica  separating  in 
minute,  colourless  scales.  Biotite  is  a  ferro-magnesian  mica, 
(see  Text-Books  for  optical  characters),  mostly  of  a  dark- 
green,  black,  or  dark-brown  colour,  and  also  decomposable 
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by  sulphuric  jicid.  Muscovite  fovm^i  an  essential  component 
of  granite,  ordinary  gneiss,  and  mica  slate ;  Phlogopite  is 
found  chiefly  in  connection  with  the  crystalline  limestones 
which  are  frequently  interstratified  with  gneissoid  rocks,  and 
it  is  very  commonly  associated  with  apatite  deposits ;  Biotite, 
oil  the  other  hand,  occurs  principally  in  lavas,  trachytes,  and 
basalts.  Riihellane  (in  hexagonal  plates  and  scaly  masses  of 
a  red  or  brownish-red  colour)  is  probably  an  altered  Blotite. 


ADDENDUM. 


Anthracite  has  been  accidentally  omitted  from  its  proper 
place  in  the  body  of  the  work.  It  should  be  inserted  in 
Group  4  of  Table  XIX.,  page  102,  or  placed  per  se  immedi- 
ately after  that  Group.  Its  leading  characters  are  as 
follows : — Black  and  lustrous,  with  greyish-black  streak  ; 
specific  gravity,  1  -3  to  1  -8  ;  infusible ;  not  attacked  by 
blowpipe  fluxes ;  insoluble  in  acids  and  caustic  alkalies. 
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Acmite,  35,  36. 
Actinolite,  46. 
Adamantine  Spar,  54,  55. 
Agalmatolite,  108,  110. 
Agate,  59. 
Aikinite,  23. 
Alabandine,  28. 
Albertite,  68. 
Albite,  46,  47,  59,  60. 
Allanite,  29,  33. 
Allophane,  103,  105. 
Almandine,  45. 
Alstonite,  71. 
Altai  te,  19. 
Alum,  65,  66. 
Alurainite,  103,  104. 
Alunite,  103,  104. 
Alunogene,  65,  66. 
Amalgam,  19. 
Amber,  69. 
Amethyst,  59. 
Amphibole,  35,  46. 
Ampbigeue  (Leucite),  51. 
Ana'.cime,  38,  .39,  94,  97. 
Anatase,  13,  14,  52. 
Andalusite,  54,  57. 
Anglesite,  86,  87. 
Anhydrite,  88,  90. 
Ankerite,  72,  73. 
Annabergite,  80. 
Anorthite,  42,  43. 
Anthophyllite,  111. 
Antigorite,  98,  107. 
Antimony,  18. 
Antimony  Glance,  24,  25. 
AntimonialSilver(Dyscrasite), 
Antimony  Ochre,  86. 
Apatite,  51,  108,  109. 
Aplome,  45. 

Apophyllite,  38,  40,  94,  96. 
Aragonite,  74,  76. 
Argentite,  16. 


19. 


Arkahsite,  52. 

Arsenical  Nickel,  20. 

Arsenical  Pyrites,  12. 

Arsenic,  IS. 

Asbestus,  92. 

Asbolan,  102. 

Asphalt,  68,  69. 

Atacamite,  83. 
j  Atlasite,  83. 
I  Augite,  35,  46. 

Automolite  (Crahnite),  54. 

Autiinite,  84. 

Axinite,  37. 

Azuritc,  71. 

Barytine,  88,  90. 

Barytocalcite,  71. 

Bastite,  107. 

Beryl,  58,  60. 

Biotite,  92,  93,   111. 

Bismuth,  18. 

Bismuthine  (Bisnmth  Glance),  24. 

Bismuth  (ilance,  24. 

Bitumen,  69. 

Bituminous  Coal,  68. 

Blende,  28,  99,  100. 

Blood-stone,  59. 

Blue  Vitriol,  65,  66. 

Bog  Iron  Ore,  99. 

Bog  Manganese  (Wad),  102, 

Boracic  Acid,  62. 

Boracite,  37. 

Borax,  62! 

Bornite,  20. 

Botryogene,  65,  66. 

Botryolite,  37,  38. 

Boulangerite,  26. 

Boumonite,  22. 

Breithauptite,  21. 

Breunerite,  75. 

Brewsterite,  40, 

Brochantite,  83, 
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Broinlite,  71. 
Bron/ite,  109,  111. 
Brookite,  52. 
Brown  Coal,  (58. 
Browu  Iron  Ore,  98,  99. 
Brown  Spar,  75, 
Brucite,  104,  108. 

Cairngorm,  59. 

C.daite,  48. 

Calamine,  48,  49,  103,  105. 

Calcetlony,  59. 

Caleite,  I    74   7^ 

CaleiteSpar,  i     '-*»  '^• 

Carnelian,  59. 

Cassiterite,  5.S. 

Cats- Eye,  59. 

Celestiue,  88,  90. 

Cerine,  '29,  'Ao,  36. 

Cerite,  48,  49. 

Cerussite,  71,  72. 

Cervantite,  86. 

Chabasite,  38,  39,  94,  95. 

Chalcanthite,  65,  66. 

Chalkosiue,  22,  23. 

Chalkophyllite,  78,  79. 

Chaleopyrite,  20. 

(Chalcolite,  83,  84. 

Ohalcosine,  22,  23. 

Chert,  59. 

Chiastolite,  57. 

Chiolite,  89. 

Chili-Saltpetre, 

Chloj:'astrolite.  43. 

Chlorite,  95,  97,  104,  107. 

Chloritoid,  48,  49. 

Chondrodite,  50,  51. 

Chromic  Iron  Ore,    /    ,  „    ^A    on 

Chromite,  f   ^^^  1^'  ^^- 

Chrome  Garnet,  56. 

Chrysoberyl,  53,  55. 

Chrysolite,  50. 

Chrysoprase,  59. 

Chrysotile,  98,  107. 

Chrysocolla,  101/ 

Cinnabar,  67,  68.- 


Clausthallitc,  26. 
Clinoclase,  78,  79. 
Clay  Ironstone,  73. 
Coals,  68. 
Clinochlnre,  98. 
Cobalt  Bloom,  80. 
Cobaltine,  12. 
Columbite,  32. 
C/omptonite,  39. 
Copper,  16. 
Copper  Glance,  22,^23. 
Copper  Mica,  79. 
Copper  Nickel,  20. 
Copper  Pyrites,  20,  21. 
(Jopper  Uranite,  83,  84. 
Cordierite,  60. 
(Jorundum,  53,  54. 
Crocidolite,  92. 
Crocoisite,  81,  82. 
Cryolite,  88,  89. 
Cubauite,  21. 
Cuprite,  24. 
(Jyanite,  .54,  57. 
Cymophane,  55. 

Danalite,  42. 

Dark  Red  Silver  Ore,  24,  25. 

Datohte,  37. 

Desmine,  94. 

Deweylite,  98,  107. 

Diallage, 

Diallogite,  73. 

Diamond,  54,  56. 

Diaspore,  48. 

Dichroite,  60. 

Diopside,  45,  46. 

Dioptase,  101. 

Disthene,  57. 

Dolomite,  74,  75. 

Dyscrasite,  19. 

Ehlite,  83,  84. 
Elseolite,  43. 
Elaterite,  69. 
Emerald,  58,  60. 
Emery,  54,  55. 
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Fnstatite,  M,  40. 
Epi'loU',  :54,  44,  45. 
KpHctiuite.  64,  OO. 
I'lriiiite,  78. 
Erythriue,  80. 
Euchroite,  78,  79. 
Kulytine,  86,  88. 
I'Aikairite,  2'A. 

Fahlerz,  23. 
Faujasite,  40. 
Feldspars,  40,  47,  60. 
Flint,  51). 

Fhior  Spar,  88,  89. 
Franklinite,  13,  14,  ,30. 
Freislebeiiite,  26. 

Gadolinite,  31. 

Gahnite,  54,  55. 

Galuua,  24. 

(iarnet,  34,  44,  45. 

Gaylussite,  63,  64. 

Golilenite,  50,  51. 

(Jil)l)site,  103,  105. 

Gisuioiuline,  40. 

Glaserite,  64,  65. 

(ilauberite,  64,  65. 

(Uauber's  Salt,  65. 

Gold,  10. 

Goslarite,  66. 

Graphite,  27. 

Green  Vitriol,  64,  66. 

Grey  Antimony  Ore    (Antimony 

Glance),  25. 
Grey  Copper  Ore,  22,  23. 
Greenockite,  99,  101. 
Grossular,  45. 
Gypsum,  91. 

Halotrichite,  66. 
Harmotome,  94,  96. 
Hartite,  69. 
Hatchettine,  69. 
Hauerite,  28. 
Hauyne,  41. 
Heavy  Spar,  88. 
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n»li<»tr(>])t',  59. 
H.lvii.c,  41. 
Hfujatite,  13,  14,  30. 
Hi'.ssitc.   17. 
H.nliui.lite,  1)1,  1)5.    . 
H.inil)]i  utle.  35,  46. 
Horn  Silver  Ore,  87. 
Morn  Stone,  59. 
Horscllcvsli  Ore,  20. 
1-ivalite,  59. 
My.lraru-.Uitf,  103,  105. 
Hypersthene,  35,  .'{('). 

Jcthy()])thalniitc,  40,  90. 
Idocnise,  34,  44,  45. 
llnuiiite.  13.  14,  30. 
Ilvaite,  29,  30. 
lolite,  58,  00. 
Iridium,  18. 
Iron,  17,  18. 
Iron  Pyrites,  11. 
Ironstone,  7-. 

.Tamesonite,  24,  25. 
Jasper,  59. 
Jet,  09. 

Kalaite,  48. 
Kaolin,  103,  106. 
Kerargyrite,  86. 
Kermesite,  81. 
Krokidolite,  92. 
Kyauite,  54,  57. 

Labradorite,  42,  44. 
Lapis  Lazuli,  41. 
Laumontite,  94,  96. 
Lazulite,  48.^ 
Lead  (ilance,  24. 
Lepidolite,  92. 
Leucite,  51. 
Libethenite,  83. 
Lievrite,  29. 

Light  Red  Silver  Ore,  76. 
Lignite  (Brown  Coal),  68. 
Limonite,  15,  30. 
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Lirocouito,  78,  79. 
l.itiiia  Mica,  1»'J. 

Magnesite,  74,  7t'». 
Magnetic  Irwn  Oro,  \'A,  .SO. 
Magnetic  I\y rites,  20. 
Magnetite,  'l8,  lH). 
Malacliite,  71. 
Manganite,  27,  28. 
Manganese  Spar,  72,  73. 
Mareasite,  1 1, 
Margarto,  i)2,  91]. 
Mascagnine,  ()4,  (55. 
Meerschaum,  1)8,  lOG. 
Meiaconite,  82. 
Mclantherite,  (»4,  OO. 
Mengite,  82. 
Mercury,  18. 
M<;s()tyi)e,  H{K 
Meteoric  Iron,  17,  18. 
Miargyiite,  26. 
Micas,  111. 
Milkrite,  21. 
Minietesite,  77. 
Minium,  82. 
Miral)ilite,  04,  05. 
Mispickel,  12. 
Molyljtlenite,  27. 
Muscovite,  1)2,  93,  111. 

Nacrite,  10,3,  100. 

Nagyagite,  20. 

iS'asturane,  31. 

Native  Antimony,  18,  19. 

Native  Arsenic,  18. 

N.  Bismuth,  18. 

N.  Copper,  10. 

N.  Gol(i,  10. 

N.  Iridium,  18. 

N.  Iron,  17,  18. 

N.  Mercury,  18. 

N.  Platinum,  17. 

N.  Silver,  10. 

N.  Sulphur,  07. 

N.  Tellurium,  18,  19. 

Natrolite,  38,  39,  94,  97. 


Natron,  0.3,  04. 
Naunianite,  17. 
Nepliiiinc,  42,  43. 
Nickeiinc,  20. 
.\igrine,  52. 
Nitratine,  03. 
Nitre,  03. 
Nitrocalcite,  03. 
.Nitromagnesite,  03. 

Obsidian,  .30,  4{\,  47. 
Ochres,  8.'),  99,   102. 
( fctahcdrite,  52. 
Okcnite.  -10. 
Oligoii  Spar,  73. 
Olivenite,  78,  79. 
( Uivine,  50. 
(Jnyx,  59. 
Opal,  58,  59. 
()phi()lit(!, 
()rj>iment,  07. 
Orthite,  29,  30,  .33. 
Drthoclase,  40,  47. 
Ozokerite,  09. 

Pearl  Mica,  93. 
Petalitc.  37,  38. 
Petroleum,  09. 
Petzite,   17. 
Piiacolite,  40. 
Pharmacolite,  80. 
Pharmacosiderite,  77. 
Phillipsite,  94,  90. 
Phk)gopite,  92,  93,  111. 
Pierolite,        /    .  -^_ 
Picrosniine,    i 
Phosnhorcalcite,  83. 
Pimelite,  101,  102. 
Pinite,   103,  100. 
Pistacite,  34. 
Pitchblende,  37. 
Pitchstone,  35,  36. 
Plagionite,  20. 
Platinum,  17. 
Pleonaste,  .54,  55. 
Plumbago,  27. 
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PolvbaHttc,  ifi. 

PolVliallitc,  1)1.' 

Polyuiignite,  ',V2. 

I'rohnito,  :^8,  4:i. 

Proustite,  70. 

I\sil(nnel.-uie,  15,  81. 

l'uri»k;  Copper  Pyrites,  20,  21, 

PyrargyrJte,  24,  25,  81. 

Pyrites  : 

Arsenical,  12. 

(^apillary,  21. 

Cnckscoml),  11. 

Copper,  20,  21. 

Iron,  II. 

Magnetic,  20. 

Railiated,  11. 
Pyroiusitc,  27,  28. 
Pyroniorpliito,  8(3. 
Pvrope  (V.  (larnct). 
Pyrophyllite,  108,  110. 
Pyroxene,   85. 
Pyrrliotiue,  20. 

Quartz,  58,  59. 
Quicksilver,  18. 

Radiated  Pyrites,  11. 

Realgar,  67. 

Red- Antimony  Ore  (Ker- 

mesite),  81. 
Red  Copper  Ore,   81. 
Red  Hematite,  14,  80. 
Red  Iron  Ore,  14,  30,  98,  99. 
Red  Lead,  82. 
Red  Ochre,  98,  99. 
Red  Silver  Ores,  24,  76,  81. 
Red  Zinc  Ore,  99,  100. 
Rhodochrosite,  72,  73. 
Rhodonite,  45,  46. 
Ripi.lolite,  98. 
Rock  Crystal,  59. 
Rock  Salt,  61. 
Roselite,  80. 
Rose,  Quartz,  59. 
Rubellane,  112. 
Rubellite,  58. 


Rnhy,  55. 

Ruhy  Blende  (V.  Red  Silver 

Ores), 
Rutile,  18,  14,  81. 

Sahlite,  46. 

Sal-Aninioniac,  61,  62. 

Saltpetre,  ()8. 

Samarskite,  82. 

Sapphiic,  55. 

Saasoline,  62. 

Scaly  IJed  Iron  Ore,  27. 

Sca])olite,  42.  48. 

Scheelite,  108,  109. 

Scheererite,  69. 

Schiller  Siiar,  107. 

Sciior!,  85,  8(). 

Scolezite,  88,  89,  94,  96. 

Scorodite,  77. 

Selenite,  91. 

Senarmontite,  85,  86. 

Serpentine,  95,  98,  107. 

Siderite,  71. 

Silver,  16. 

Silver  (lilance,  16. 

Smithsonite,  74. 

Smaltine,  12. 

Soajistone,  110. 

Sodalite,  41. 

Soda  Nitre,  68. 

Spathic  Iron  Ore,  72. 

Specular  Iron  Ore,  14. 

Si)h;erosiderite,  72. 

Sphalerite,  28. 

Sphene,  42. 

Spinel,  58,  55. 

Spodumene,  87,  88. 

Staurolite,  54,  56. 

Steatite,  92,  94,  110. 

Stephanite,  26. 

Stibnite  (Antimony  Glance),  24. 

Stilbite,  94,  95.      * 

Stiblite,  85,  86. 

Stolzite,  86,  87. 

Stronieycrine,  *.'3. 

Strontianite,  70. 
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Sulphur,  67. 
Sylvanite,  26. 
Sylviiie,  61,  62. 

Tabular  Spar  (V.  Wollas- 

tonite),  42. 
Tagilite,  88. 
Talc,  92,  98,  109,  110. 
Tautalite,  82. 
Tellurium,  18,  19. 
Teiiuantite,  22,  23. 
Tonorite,  28. 
Tetradymite,  26. 
Tetrahedrite,  28. 
Tli<;nar(lite,  64,  65. 
Thoiiisonite,  88,  39,  94,  96. 
Tiemannite,  26. 
Tinkal,  62. 
Tinstone,  53. 
Tirolite,  78,  79. 
Titaniferous  Iron  Ore,  14. 
Titauite,  88. 
Topaz,  54,  55,  56. 
Topazolite,  45. 
Tourmaline,  54,  58. 
Tremolite,  46. 
Triphane  (Spodumene),  37. 
Triphylline,  88,  90. 
Triplite,  33. 
Troua,  63,  64. 
Troostite,  50. 
Turquoise,  48. 


Uran  Blende, 
Uraninite, 


31. 


Uranite,  85. 

T/i^an  Mica  (Chalkolite),  85. 

Uwarowite,  54,  56. 

Valentinite,  85,  86. 
Vesuvian,  34,  45. 
Vitriol  : 

Blue,  65,  66. 

(jrrcen,  64,  66. 

White  ((Joslarite),  66. 
Vivianite,  84,  85. 

Wavellite,  85,  86. 
Wernerite,  42,  43. 
Willenute,  50. 
Witht'rite,  70. 
Wolfram,  13,  15,  22,  29. 
Wollastonite,  42,  43. 
Wood  Opal,  59. 
Wood  Tin,  68. 
Wulfenite,  86,  87. 

Yellow  Ochre,  98. 
Yenite,  29. 
Yttrotantalite,  32. 

Zeagonite,  40. 
Zeolites,  38,  95. 
Zinc  Blende,  28,  99,  100. 
Zincite,  99,  100. 
Zinc  Spar,  51,  74. 
Zinkenite,  24,  25. 
Zircon,  53,  54. 
Zoizite,  44,  45. 
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